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White Coal, 625 T. a Second 

THIS UNUSUAL picture shows white coal, as some- 
one has fancifully termed water in motion, thundering 
through an opening in an unfinished spillway at a rate 
of about 625 T., or 20,000 cu. ft., a second. This spill- 
way, with a maximum.discharge capacity of 225,000 cu. 
ft., is one of four that are nearing completion in the 
Grand Discharge, where enough white coal to generate 
540,000 hp. will be stored up. The Grand Discharge leads 
from Lake St. John, about 100 mi. north of Quebec, Can- 
ada; into the Saguenay River. At this point, on an island 
called Isle Maligne, a hydro-electric plant is being con- 
structed, said to be the largest single installation of hy- 
draulic power equipment in the world. 

Owing to, the isolated position of this plant, the work 
of construction had to-be planned with extreme care. The 
construction céinp was laid out for maximum convenience 
of the workmen and maximum efficiency in following the 
work schedules that were prepared. Almost as much work 
was done in designing the construction equipment as in 
designing the plant itself, but the final result demonstrated 
that the pains were well taken. More complete details of 
this work, together with some interesting views of the 
construction work, are given elsewhere in this issue. 
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Valmont Station Now in Sori 


New DEVELOPMENT OF PusBLic SERVICE Co. oF Cotorapo LOCATED 


on ArtiFicIAL Lake NEAR’ DENVER. 


JDNSTRUCTION having been completed on the 
Valmont Station, it has become one of several 
C plants serving the system covered by the Public 
Service Co. of Colorado. Its location and other 
| characteristics are therefore influenced by this 
relationship, so a brief description will be desirable. The 
city of Denver constitutes the largest concentrated load of 
the system. The load demand, however, of the district to 
the north throws the load center of the system to the north- 
west of Denver about 6 mi. 
Load growth in the districts served demanded further 
capacity. No expansion of the present steam plants could 
be considered because of the lack of sufficient circulating 








FIG. 1. NEUTRAL OF THIS 25,000-Kv.A. GENERATOR IS NOT 
GROUNDED 


By R. R. THRONE 


water. An investigation of all possible water power sites 
within 150 mi. of Denver showed that there were none 
which were feasible of commercial development. There are 
no rivers in the district served which provide sufficient an- 
nual flow for condenser circulating water. The Platte 
River, the only stream worthy of considering, cannot pro- 
vide for over 25,000 kw. capacity without recirculation. A 
stream flow plant then could not be considered. To con- 
sider a plant operating on either a spray pond or a cool- 
ing tower also involves the problem of supplying makeup 
water for the radiation and cooling losses and operating 
at higher pumping heads. 

Make-up water required for condensing purposes in any 
closed circulation system is a large quantity in a year. 
This is a consumption use of water and would require a 
steady diversion from the streams. The direct stream flow 
during many months of the year is already over appro- 
priated for irrigation use. Colorado streams have a peculiar 
annual flow curve, that is the flow is low for 10 mo. of the 
year and the greater quantity of water comes down in a 
big wave during May and June at which time the snow 
on the higher mountains melts. It thus becomes a prob- 
lem of skimming the crest of the peak wave and thereby 
obtaining and placing in storage enough water to run the 
plant through the year. Since a reservoir is thus required 
in any event there would be no advantage and several dis- 
advantages in going to a spray pond or cooling tower sys- 
tem. 

Study was made to determine the heat radiating capac- 
ity of an acre of water and the losses due to natural ani 
forced evaporation. These figures determined the area and 
water content of the desired reservoir. Inasmuch as the 
waters of the Platte River may be entirely diverted for the 
use of the city of Denver, other streams were investigated. 
It was finally decided to eliminate the pumping head anil 
depend on the radiation of a natural lake to reduce the 
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condensing water temperature. A lake would then be re- 
quired such that expansion for larger capacities could take 
place as well as to provide for sufficient storage waters to 
carry over the periods when no water is available. 


Site SELECTED AT VALMONT 


Out of a large number of lakes considered within the 
load district, the site near Valmont was selected. This site 
which is 26 mi. north of Denver permits ready access to 
the coal fields of northern Colorado over two railroad sys- 
tems. The subsoil also furnished a good reservoir site from 
the standpoint of seepage. The topography is such that 
the present lake of 120 acres area can be increased to 540 
acres area of 11,162 acre feet capacity. This area is suffi- 
cient to care for an ultimate development of 200,000 kw. 
on the basis of 400 kw. per acre. This figure is felt to be 
conservative. This site is located within a short distance of 
the South Boulder and Middle Boulder Creeks, so that 
supply ditches need not be of any great length. 

Water storage of Valmont duplicates the capacity of the 
Nederland reservoir in Boulder Canyon on the same water 
shed. This latter reservoir was installed in connection with 
the Boulder Canyon hydro-electric development. This water 
is all released by the hydro plant in the winter time when 
the farmers do not need it and can then be used to fill the 
Valmont Reservoir. Water can also be released from the 
Valmont reservoir in the summer time to satisfy irrigation 
requirements thus allowing water to be held in the Neder- 
land reservoir until the following winter. 

It is not always a desirable move to locate a plant at 
the mine mouth. The production of coal from the north- 
ern Colorado lignite fields is primarily to provide for a 
domestic demand. This demand is highest during winter 
and low during the warmer months. Lignite coal is soft, 
breaking up readily, therefore each 2 T. of mine-run 
coal hoisted produces 1 T. of slack and 1 T. of marketable 
coal. It was much better in this case to have the plant 
so located that the greatest advantage could be taken of 
surplus slack from the many mines operating. Water is 
plentiful during the summer months at the hydro-electric 
plant. The system load is less in summer than in winter, 
therefore, generation with steam is carried on at a low load 
factor in the summer. The demand for generating coal fol- 
lows the demand for domestic coal with the result that only 
a small percentage of mine-run coal need be considered and 
that only during the warmer months when much less coal 
is being burned. 





FIG. 2. DENVER TERMINAL, 
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EACH FURNACE PROVIDES A COMBUSTION SPACE OF 
10,288 cu. FT. 


FIG. 3. 


Incidentally in constructing this plant it was built on 
dry land and later the water was allowed to flow around it. 
This was done by draining the lake during the construe- 
tion of the intake structures, thereby eliminating all under 
water work. The intake structures for five units were built 
because it will never again be possible to drain the lake for 
similar purposes. 


CriRCULATING WATER FotLows 3 Mr. Courss 


Circulating water is drawn from the bottom of the lake 
or reservoir and after passing through the condensers ix 
discharged into a tunnel which now discharges back to 
the lake at the west end of the plant. In order to better 
disperse this discharge water over a wide area a pier has 
been built extending out into the lake. This plan will 
care for three of the ultimate 10 generating units. Later 
when the reservoir is enlarged to care for 10 units the eir- 
culating water will discharge across the peninsula, thereby 





SHOWING THE 13-KV. BAY 








POWER PLANT 
934 ENGINEERING September 15, 1925 


requiring a path of about 3 mi. to be followed before again 
arriving ‘in the plant. 

Provision for such a development will require the build- 
ing of several earthen dams. The largest of these will be 
3400 ft. long, 90 ft. high and 370 ft. wide at the base. A 
drainage scheme will be employed to prevent slippage of 
the dam, a fault so common in this type of construction. 
Adjoining buttes and ridges otherwise afford a natural 
reservoir. 


TYPICAL ANALYSES OF THE COAL USED AT VALMONT 








Mine Columbine Puritan Monarch Simpson 
B.t.u., dry basis..... 12,500: 12,575 11,870 12,428 
SEND 5060s 3 dukes 21.66 25.74 19.25 28.58 
Te wheevessavs 31.84 31.87 33.28 32.79 
' Fixed carbon ....... 41.97 38.71 40.74 42.54 
FIG. 4, PLATFORMS ARE ARRANGED AROUND THE sETTines ASh ...-..++++++++- 4.53 3.68 6.73 4.09 
FOR THE CONVENIENCE OF THE OPERATORS B.t.u., per pound.... 9793 9340 9587 9872 
 breeeess soe 0.26 0.38 0.31 0.75 
B.t.u., dry basis..... 12,500 12,575 11,870 12.428 
B.t.u. on moist and 
ashless basis ..... 13,300 18,280 12,990 135195 








Choice of fuel burning equipment was based upon, first, 


to pick up sudden increases in load often ranging from 
floating load to full generation capacity. Experiences with 
every other type of fuel burning equipment from hand- 
fired grates to the most recent underfeeds and forced draft 
chain grates proved that Colorado lignite coal cannot be 
burned with low ash pit losses and realize above normal 
boiler ratings. Underfeed stokers proved their capability 
to accelerate at the rate of 100 per cent per minute but 


io . . - their operation was at the sacrifice of operating economy. 
ey a : : Although requiring a higher initial investment, after 
Sed , —e> ° << properly weighing all considerations, pulverized fuel burn- 
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FIG. 5. CONTROLS AND INSTRUMENTS FOR EACH BOILER 
ARE BROUGHT TO ONE BOARD 
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FIG. 6. AN APPEARANCE OF EXTREME NEATNESS IS FOUND FIG. 7% FURNACE WALLS ARE AIR COOLED AND WATER 
THROUGHOUT THE STATION . SCREEN PROTECTS FURNACE FLOOR 


the ability to burn Colorado lignite and second, the ability - 
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FIG. 8. 


ing equipment was selected for the boiler room. In the 
turbine room the turbine-bleeding, feed-heating cycle was 
employed. 


CiAM-SHELL Bucket Usep To ELEVATE CoAL 


Coal cars arriving at the plant are spotted over a con- 
crete-receiving pit. Should the car not be equipped with 
dump bottoms, the clam-shell coal unloading crane on top 
of the preparation house will unload the car direct. Other- 
wise coal will be dumped into the pit and the clam shell 
will elevate it and discharge it into a receiving hopper 
mounted on the tower. This hopper is located over a short 
belt conveyor equipped with a magnetic roll which removes 
all tramp iron as the coal is fed to the two-drum crusher. 
Slack coal so sized then falls to a 650-T. storage bin in- 
side the preparation house. Four flue-gas type dryers are 
bolted onto the bottom of the storage bin, each provided 
with coal gates to allow the emptying a dryer. Gases for 
these dryers are taken from the base of the radial-brick 
stack and after passing through the dryers and the dryer 
fan are discharged through separate stub stacks through 
the roof. The mills take coal directly from the dryers. 
After having been ground it is elevated to the cyclones 
located at the top of the preparation house. Motor driven 
fans provide the circulating air for the regulation of fine- 
ness of the coal and to elevate the prepared coal to the 
cyclones. 

Installation work in connection with the dryers is not 
yet completed, the coals indicated in the table have been 
burned in powdered form without having been dried. The 
moisture content is chiefly chemically combined, even 
though the coal may be powder dry and dusty upon ar- 
rival, yet the moisture content will be about 20 per cent. 
This moisture may be likened unto that embodied in rock 
salt, a large percentage of the weight of which is water of 
crystallization. The division of surface and inherent mois- 
ture bears an important relationship in the design and 
operation of pulverized fuel prepardtion and burning 
equipment. Under these conditions normal mill capacities 
of 6 T. per hr. have been increased to monthly averages of 
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COAL PREPARATION HOUSE IS PROVIDED WITH A 
STORAGE BIN OF 650-T. CAPACITY 


FIG. 9. 
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FIG. 10. MOTOR DRIVEN FANS PROVIDE AIR FOR COAL FINE- 
NESS REGULATION AND DELIVERY TO THE CYCLONES 





FIG. 11. COAL IS FIRED THROUGH THE FURNACE ROOF. THE 
FANTAIL BURNERS ARE SET VERTICALLY 
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over 8 T’. per hr. requiring 15.9 kw-hr. per T. for prepara- 
tion and delivery to the boiler bins. 

Screw conveyors remove the powdered coal from the 
cyclones and deliver it to the boiler bins. Both conveyors, 
the one relaying to the other, are electrically intercon- 
nected with the pulverizing equipment, so that the inter- 
ruption to electrical energy of any equipment will also 
stop all other equipment furnishing coal farther down in 
the cycle. 

Storage of pulverized coal to the extent of 40 T. is 
provided above each of the 13,320-sq. ft. Bigelow-Hornsby 
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steam output, air flow through the boiler unit and flue gas 
temperature; one steam-pressure recorder combined with 
one steam-temperature recorder such that when full super- 
heat of 200 deg. exists at normal pressure of 375 lb., the 
two records will combine. A multipointer gage indicates 
the four feeder speeds, furnace draft, uptake draft, pri- 
mary-air pressure and the rate of flow of feed water 
through the two feed pipes to the boiler unit. 

Coal is fired through the roof of the furnace, the fan- 
tail burners being set vertically and at right angles to the 
front wall. Secondary air is admitted into the furnace 





CoaL HANDLING AND PREPARATION EQUIPMENT 


One traveling unloading tower built by the Main Klec- 
tric Co. equipped with 3-yd. bucket, magnetic separator 
having 24 in. by 36 in. pulley driven by a 3-hp. motor and 
one coal crusher. 

Four wood driers, 144 sq. ft. active drying surface fur- 
nished by Combustion Engineering Co. 

Two Sturtevant drier exhausters, each 35,000-c.f.m. 
capacity at 5300 ft. elevation and 150 deg. F. at 5.5 in. 
head driven by two Westinghouse a.c., 440-v., 3-phase, 
60-hp., 600-r.p.m. motors. 

Four Raymond, 6-roll pulverizers equipped with Ray- 
mond air separation system. . Mills direct-driven by West- 
inghouse 100-hp., 450-r.p.m., 60-cycle, 3-phase, 440-v., a.c. 
motors. Sturtevant fans as exhausters direct driven by 
Westinghouse, 50-hp., 1200-r.p.m., 60-cycle, 3-phase, 440-v., 
a.c. motors. 

One 14-in. screw conveyor, 242 ft. long, delivery 38 ‘I’. 
per hr. of powdered coal to boiler bins. Driven by one 
Westinghouse 30-hp., 900-r.p.m., 60-cycle, 3-phase, 440-v., 
a.c. motor through chain and spur gearing. 


FurEL Burning EquiIPMENT 


Sixteen special duplex feeders, 5-in. air inlet, driven 
by 16 variable-speed, 3-hp., 300- to 900-r.p.m., d.c. motors. 

Four Sturtevant special steel-pressure blowers No. 8, 
6400-c.f.m. at 15-in. water hyd and 200 deg. F. and 
5300 ft. altitude. Each drives by Westinghouse 50-hp., 
1800-r.p.m., 60-cycle, 3-phase, 440-v., a.c. motors. 

32 Lopulco fantail burners, size 4 in. 

Arches, M. H. Detrick Co. 

Firebrick, Walsh Fire Clay Products Co. 


BorLers, SUPERHEATERS AND TUBE SCREENS 

Four, unit-drum type Bigelow-Hornsby boilers of 10,- 
730 sq. ft. boiler heating surface and 2590 sq. ft. of 
economizer heating surface to operate at 375 Ib. ga. 
pressure. 

Four convection-type Foster superheaters of the 
double-deck type composed of 6288 sq. ft. surface, each 
to furnish steam superheated 200 deg. F. 

Four tube screens composed of 18, 4-in. tubes totaling 
302 sq. ft. active heating surface. 

Safety Valves, Consolidated. 





Principal Equipment Installed at the Valmont Station 


Stack 


One radial-brick stack, 24 ft. inside diameter at bet- 
tom and 16 ft. diameter at top. Height above the burners, 
331 ft. Equipped with outside ladder and testing sta- 
a, Built by the Alphons Custodis Chimney Construc- 
tion Co. 


FreED WATER PuMpPs AND HEATERS 


Two 6-in. Worthington-Jeansville, centrifugal, boiler- 
feed pumps, horizontally-split case, 1000-g.p.m., each, 
driven by Westinghouse 360-hp. steam turbine at 1900- 
r.p.m. 

Two 6-in. Allis-Chalmers, general-service, centrifugal 
pumps, type 8, 1000-g.p.m., 110-ft. head, driven by West- 
inghouse 50-hp., 1750-r.p.m., 60 cycle, 3-phase, 440-v., a.c. 
motors. 

One Elliott feed-water heater, 1200 sq. ft. surface, 4 
water passes for use at 200 deg. F. bleeder point. One 
Elliott feed-water heater, 242-sq. ft. surface, 2 water 
passes for use at 200 deg. F. bleeder point. One Elliott 
feed-water heater, 825-sq. ft. surface, 4 water passes. 

One Elliott feed-water deaerator heater, operating at 
atmospheric pressure with capacity of 320,000 Ib. per hr. 
Two 2-in. Allis-Chalmers, heater-drainage, centrifugal 
pumps, type HS, 75-g.p.m., 122-ft. head, driven by West- 
inghouse 10-hp., 1750-r.p.m., 60-cycle, 3-phase, 440-v., a.c. 
motors. 


TuRBO GENERATOR, CONDENSER AND AUXILIARIES 


One Westinghouse, parallel-flow, Bauman-type turbine, 
350-Ib., 200 deg. superheat, abs. back pressure, 1800-r.p.m., 
equipped for four-stage bleeding. Direct connected to 
one Westinghouse 25,000-k.v.a., 1800-r.p.m., 60-cycle, 3- 
phase, 13,800-v., 4-pole generator. One Westinghouse 125- 
kw., 1800-r.p.m., 500-amp., 250-v. shaft exciter. 

One Westinghouse surface condenser, two pass, radial 
flow, 30,000 sq. ft. supported on spring bases. 

Two Westinghouse circulating pumps, 18,000-g.p.m., 
at 25-ft. total head, each driven by Westinghouse 150-hp., 
490-r.p.m., 60-cycle, 3-phase, 440-v., a.c. motors. 

One Westinghouse steam turbo-gear coupled through 
Cutler-Hammer magnetic clutch as a duel drive to one 
of the above circulating pumps. Turbine is rated at 175- 
hp., 3700-r.p.m., 350-Ib. pressure, 200 deg. superheat and 
1-lb. back pressure. Gear reduction, 3700 to 527. 








boilers. Four duplex feeders mounted on the bottom of 
each of the four bins deliver coal to the eight fantail 
burners provided on each boiler. At the discharge of each 
feeder screw, primary air at a pressure of 16 to 20 in. of 
water is admitted. 

Rate of feeding coal is under control of variable—speed, 
direct-current motors. The controls are so arranged that 
all feeders can be varied in unison or any particular feeder 
adjusted separately. This feeder control is located on the 
boiler-control panel together with instruments recording 
and indicating the boiler performance. Gages provided for 
this purpose consist of one boiler meter recording the 


through 96 openings, each 7 by 9 in. in size. These open- 
ings are arranged in six zones, each zone receiving air 
under a spring controlled damper which is set in the side- 
walls, and also in the rear of the bridgewall. The boilers 
are set so as to provide a furnace height of 28 ft. 8 in. from 
the ashpit to the burner and 23 ft. 9 in. from the water 
section to the burner. The furnace inside width is 22 ft. 
and the depth is 16 ft. This allows a gross furnace volume 
of 10,288 cu. ft. and net volume of 8160 cu. ft. 

Boiler settings are built up of fire brick embodying 
hollow side walls which are tied back by means of block 
tile to extension steelwork serving as buckstays. The in- 
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ner wall is 9 in. thick and the outer wall varies from 1344 
in. thick to 9 in. thick leaving an air space which varies 
from 14 in. to 1814 in. wide. Hydraulically-operated ash 
gates discharge ash from the pits to the sluiceway. Com- 
bustion ashes settling out in the rear part of the boiler 
are washed out to the ash sluiceway below. 


INTEGRAL ECONOMIZERS INSTALLED 


Each boiler consists of 13,320 sq. ft. heating surface of 
which 10,730 sq. ft. is allocated to the boiler section and 
2590 sq. ft. to the integral economizers. Boiler sections 
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steam header serving the main turbine unit. Before en- 
tering the turbine room an anchored cross is provided from 
which steam for auxiliary use is taken. The other side of 
this cross will provide a connection to the future boiler 
units. A system of header drainage has been used which 
also serves as a portion of the auxiliary steam header. 
This arrangement allows the operation of auxiliary equip- 
ment by any one boiler should it become necessary. 

At present one 20,000-kw. turbine generator is under 
load. This turbine is a 25,000-kv.a. Westinghouse-Bauman 
type of turbine and is connected to a 30,000-sq. ft. surface 





One Westinghouse Leblanc air pump, capacity 11.93 
eu. ft. of 70 deg. free dry air per minute at 28.5-in. vacuum, 
driven by Westinghouse 50-hp., 690-r.p.m., 60-cycle, 3- 
phase, 440-v., a.c. motor. 

One duplex steam air ejector, capacity of 19.22 cu. ft. 
free air per minute at 70 deg. Equipped with surface 
type inter and after condensers. 

Two Westinghouse condensate pumps, capacity 300,- 
000-Ib. per hour at 100-ft. total head. One driven by 
Westinghouse 40-hp., 1750-r.p.m., 60-eycle, 3-phase, 440-v., 
a.e. motor. Other driven by Westinghouse steam turbine. 
60-hp. at 350-lb. pressure, 200 deg. superheat, 1-Ib. back 
pressure. 


MISCELLANEOUS MECHANICAL EQUIPMENT 


Two 6-in. Allis-Chalmers, type 8, centrifugal, house- 
service pumps, 1000-g.p.m. at 110-ft. head driven by 
Westinghouse 50-hp., 1750-r.p.m., 60-cycle, 3-phase, 440-v., 
a.c. motors. 

One pneumatic sweeping system furnished by Allen & 
Billmyre Co. 

passenger and one freight elevator by Otis Kleva- 
tor Co. 

One straight-suspended, coal, test-weigh hopper scale, 
capacity 6000-lb. by R. J. Shields. 

—_ % Copes boiler feed-water regulators, size 4-in., 
type B. I. ; 

Four Edwards non-return valves, size 8-in. Steam 
header valves by eo Valve Mfg. Co. Flange joints 
tongue and groove. Gaskets, annealed copper. 

One 5-in. ash-sluicing pump, 750-g.p.m. at 50-ft. head, 
900-r.p.m, 


ELEcTRICAL EQUIPMENT 


Four transformers, 7500-kv.a., single-phase, oil-insu- 
lated, water-cooled, 90,000- to 13,800-v. Three trans- 
formers, 2000-kv.a., single-phase, oil-insulated, water- 
cooled, 46,170- to 13,800-v. Three transformers, 1000-kv.a., 
single-phase, indoor-type, oil-insulated, water-cooled, 13,- 
800- to 460,230-v., for station power. One transformer, 
150-kv.a., single-phase, indoor-type, 440 to 115-230-v., for 
station lighting. 

One battery charging motor-generator set, 100-kw., 
250-v., d.c. generator, driven by 150-hp., 440-v., 3-phase, 
60-cycle induction motor. 

One Westinghouse storage battery, 387 amp. hr., 400 
amp. for 15 min., with final voltage of 1.65-v. per cell. 





Principal Equipment Installed at the Valmont Station 


One Westinghouse storage battery with maximum 
rating for one minute of 400 amp. For operation of oil 
circuit breakers and accessories. 

One motor-generator set, 44%4-kw., 175-v., d.c. gener- 
ator, driven by 7.5-hp., 440-v., 3-phase, 60-cycle, a.c. 
motor. 

One five-section circular control desk. One five-panel, 
black-marine finished slate auxiliary switchboard. One 
seven-panel field, battery and lighting switchboard. 

Two lightning arresters, auto-valve type, 110,000-v., 
3-phase. Two lightning arresters, auto-valve type, 50,000- 
v., 3-phase. 

Six suspension choke coils, 200 amp., type D16, 110- 
kv. service. Six choke coils, 200 amp., 50-kv. service. 

Six 400-amp., 50,000-v., type RA, single-pole, single- 
throw, outdoor, disconnecting switches, inverted mount- 
ing. Fourteen disconneeting switches, 50,000-v., type RA. 
Twelve disconnecting switches, 115,000-v., type RA, 400 
amp. Six disconnecting switches, 15,000-v., type R, 400 
amp. Six hand-operated disconnect switches, 400 amp., 
3-pole, 115-kv., type R. Three disconnect switches, 1200- 
amp., single-pole, single-throw, 15,000-v., type R. One 
disconnect switch, single-pole, 73,000-v., type RA for 
transformer. Twenty-one disconnecting switches, 1200- 
amp., single-pole, single-throw, 15,000-v., type 8. Thirty- 
three disconnecting switches, 400-amp., single-pole, single- 
throw, 15,000-v., type S. 

Six oil circuit breakers, type 62, 400-amp., 115,000-v., 
3-pole, single-throw, outdoor, solenoid, operated with 
bushing type transformers. Three oil circuit breakers, 200- 
amp., 15,000-v., 3-pole, single-throw, solenoid-operated, 
type ‘‘CO22.’’ Four oil circuit breakers, 600-amp., 15,- 
3-pole, single-throw, solenoid-operated, type 
, 


TRANSMISSION LINE 


Ninety-eight suspension, double-circuit steel towers. 
Thirty-two strain, double-circuit steel towers. Twenty- 
four suspension, single-circuit steel towers. Twenty-six 
strain, single-circuit steel towers. Nine 65-ft., steel-lat- 
ticed poles, double-circuit. Forty-nine 55-ft., steel-lat- 
ticed poles, double-cireuit. All furnished by The American 
Bridge Co. 

inety-nine mi., steel-core, aluminum cable by Alumi- 
num Co. of America. Twenty mi. of No. 00, hand-drawn, 
bare-copper wire by Anaconda Copper Co. Insulators, 
elamps and hardware by Ohio Brass Co. 








are arranged in rows containing the following number of 
units—9I—9—7—5—5. This arrangement tends to main- 
tain a uniform gas velocity through the boiler unit. Steam 
is superheated in Foster superheaters of 6288 sq. ft. area 
each, 

Boilers are supplied with feed water from either or 
both of two feed lines. This water is admitted into each 
end of a header serving each boiler from which five 2-in. 
supplying pipes deliver water to the economizer sections. 
Feed water enters this header through feed water regulat- 
ing valves. 

Each of the four boilers discharges steam into one main 


condenser. Building space will allow the installation of a 
second unit before it will be necessary to extend the plant 
buildings. Steam is bled from three of the four points 
provided to heat the feed water up to 300 deg. F. As the 
plant must carry loads which fluctuate rapidly, the open 
feed water system is provided. Surge tanks are provided 
so that storage can be taken or used at times of sudden 
load changes. Condensate is pumped directly from the con- 
denser hot well to the high level surge tank. This tank 
also receives all make-up water and all other condensate 
which may have been used for cooling purposes or col- 
lected as drips. Water as required by the boiler room flows 


























from this tank and passes first through the air ejectors 
and then through the 140-deg. bleed heater and the 200- 
deg. bleed heater. The 200-deg. heater serves as a regulat- 
ing heater under the control of a thermostatic regulator 
so that the outlet temperature when combined with the 
amount of steam available in the deaerator will maintain a 
uniform temperature of 206 deg. F. at this point. This 
temperature is taken as the controlling temperature for 
proper deaeration of the feed water. 

Boiler feed pumps draw upon the storage of deaerated 
water in the deaerator and pump through the 55-lb. bleed 
heater and then to the boiler units. Feed pumps are steam 
driven, while all other auxiliary equipment is normally 
electrically driven. 

Circulating water equipment consists of two centrifugal 
pumps, one motor driven, the other duplex driven by both 
steam turbine and motor. Each pump is rated at 18,000 
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44-kvy. loop transmission serving the several cities of 
northern Colorado. 

This plant is particularly fortunate in having a good 
supply of makeup water for boiler feed. A connection for 
this purpose was made to the mains of the city of Boulder. 
This community obtains its water from a melting glacier 
and diversion is made before the water has passed over any- 
thing more than granite rock. This accounts for the 
absence of evaporators or feed water treating systems. 

Generation is at 13,800-v., 3-phase, 60-cycle, the gen- 
erator being star connected. The neutral of the generator 
is not grounded. The 13,800-v. switching equipment is 
located in a switch house at the end of the turbine hall. 
All incoming and outgoing leads enter the switch house 
through the first floor and consist of single conductor, 
varnished-cambric, insulated cables in fibre duct cast in 
concrete slabs. The outgoing leads and control circuits for 
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FIG. 12. HEAT BALANCE DIAGRAM OF THE VALMONT STATION, PUBLIC SERVICE CO. OF COLORADO 


g.p.m. at 490 r.p.m. Condensate is removed by either of 
two centrifugal pumps, one of which is motor driven, the 
other steam turbo driven. Air removal equipment consists 
of a motor driven Le Blane air pump and also a duplex 
bank of steam air pumps. The normal plant operation 
consists of all motor driven auxiliaries except the feed 
pumps, yet the steam driven equipment is sufficient to 
permit operation should system disturbances affect the sta- 
tion source of supply when the main turbine unit is out of 
service. 

Some effort has been made to insure a steady flow of 
energy from the plant as the following notation will show. 
Two railroads serving many miles supply the plant. The 
plant has a locomotive crane with a boom sufficiently long 
to permit it to place coal in the main bunker of the prep- 
aration house in the event that the main crane breaks 
down.. There are four pulverizing mills, duplicate coal 
conveyors, multiple-feeder units on each boiler. One of the 
primary air fans en the pulverized coal feeders has been 
equipped with dual drive. Four boilers allow for plenty 
of capacity with one out for repairs. Feed pumps, cir- 
culating water pumps, condensate pumps and exciters are 
all in duplicate. The plant is connected to two. loop cir- 
cuits, the 100-kv. loop transmission serving Denver and the 








the outdoor equipment leave the switch house through a 
cable tunnel built above grade through the outdoor switch 
yard. 

Conventional grouped phase arrangement of the main 
and synchronizing bus was used. Both busses are located 
on the third floor of the switch house. Three pole, 25,- 
000-v., Westinghouse type CO22, oil-circuit breakers are 
used for all 13-kv. switching. At present no load limiting 
or synchromizing reactors are installed, but space has been 
provided for them in the first floor of the switch house. 


EXcITATION AVAILABLE FROM Four SouRCcES 


Excitation for the main unit may be supplied from 
either the direct eonnected exciter, a steam turbine driven 
exciter, or in emergencies from a 35-kw. motor-generator 
set and storage battery in parallel. Automatic voltage 
regulation is obtained by the use of a rheostatic-voltage 
regulator, operating in series with the main field. This 
allows a constant voltage to be maintained on the exciter 
bus and while it is somewhat slower than the contact mak- 
ing regulator operating on the exciter field, it is less sen- 
sitive to system disturbances and is believed to be more 
reliable. The bench type switchboard is located on the 
fifth floor of the switch house. From this board are con- 
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trolled the generator, the 13-kv. breakers and the outdoor 
44 and 90-kv. oil switches. Private telephone lines to the 
system, Bell and inter-communicating telephones for the 
station and the turbine room signal system terminate in 
the control room. ‘The control and signal conduits ter- 
minate in a “half floor” immediately below the control 
room. Access to this space is provided through a conduit 
shaft extending the full height of the switch house. 

House power is supplied from a bank of three 1000- 
kv.a. transformers, located on the ground floor. This 
bank is large enough to carry the entire station load opera- 
ting open delta. The transformers step down from 13,800 
v. to 440 and 220 v. The 220-v. connection supplies a 
starting bus only. All station auxiliary motors, including 
coal preparation and handling machinery, with the excep- 
tion of the boiler feeder motors, are supplied from this 
bank, at 440 v., three phase. Station lights are supplied 
through a 440/220-110-v. single-phase transformer. The 
boiler feeders are driven by 220-v., single-phase current. 

Direct current for charging is normally obtained from 
a 35-kw. motor-generator set, but may be supplied by the 
turbine-driven exciter. Station lights are automatically 
thrown on the battery in the event of failure of house 
power. All auxiliary motors are push-button controlled and 
are provided with “stay put” starting buttons, so the mo- 
tors will be automatically restarted after an interruption 
of the house power supply. The control board for the sta- 
tion auxiliaries is located in the turbine hall on the ground 
floor, just below the main turbine deck. 

Energy is distributed from the station through an out- 
door transformer and switching substation at 44,000 and 
90,000 v., three-phase. The two 44-kv. lines form a loop 
circuit approximately 125 mi. in circumference, which 
supplies energy to nine substations in cities and towns of 
northern Colorado. These lines are supplied through one 
3000-kv.a. and one 6000-kv.a., 13,800/44,000-v. trans- 
former bank. The transformers are star connected on the 
44-kv. side, and are operated with the neutral solidly 
grounded. 

The 90-kv. bus is supplied through one 22,500-kv.a. 
transformer bank, also star connected on the high tension 
side and with the neutral solidly grounded. Two out- 
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FIG. 13. DEAD-END TOWER IN BOULDER CANYON 


going 90-kv. lines are in service, one of which, 28 mi. 
long, connects the Valmont plant directly with the ter- 
minal substation two miles inside the limits of the city 
of Denver. The line inside of Denver was built on a pri- 
vate right of way purchased outright and standard coun- 
try towers were used except for one block. The other 
line, 8 mi. long, connects Valmont with the Boulder Can- 
yon hydro plant, which is also connected to the Denver 
terminal by a 30-mi., 90-kv. line. Westinghouse auto- 
valve arresters are provided for both the 44-kv. and the 
90-kv. lines. 
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OUTDOOR SUBSTATION AT THE VALMONT PLANT, SHOWING 90-KV. AND 44-KV. BUS STRUCTURE 
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Maximum Span Is 2200 Fr. 


Valmont-Denver transmission line consists of 336,000 
c. m. aluminum cable, steel reinforced on double-circuit 
towers, with 12-ft. vertical spacing. The same conductor 
was used on the Boulder Canyon line, with single-circuit 
towers and 14-ft. horizontal spacing. Seven 10-in., Ohio, 
brass-disk insulators are used in suspension strings and 
seven 11-in. disks are used in dead end and semi-dead 
end strings. The maximum span is 2200 ft. long. 

The 44-kv. lines leave the station on double-circuit 
steel poles with pin-type insulators. The double-circuit 
line is approximately 3 mi. long, then the circuits sepa- 
rate and are carried on wood poles to form the loop pre- 
viously described. The Denver terminal substation was 
located adjacent to a steam generating plant owned by 
the company. An outdoor terminal substation was built 
and the 90-kv. switching equipment and transformers in- 
stalled. One 22,500-kv.a. transformer bank steps down 
from 90-ky. to 13,800 v. for transmission to city substa- 
tions. The terminal substation is also the load despatch- 
ing center of the system. 


September 15, 1925 


Lines from Valmont to Denver and from Boulder Can- 
yon to Denver follow separate rights of way. It was de- 
sirable that these circuits be operated as loop, to prevent 
failure of either line from affecting the supply of power 
to Denver. Satisfactory relaying of this loop offered some 
difficulties, as generating equipment is located at the three 
sectionalizing points of the loop. Westinghouse relays 
have been installed for both line to line and line to ground 
faults. These relays require a source of potential which 
will be proportional to the line voltage, during a disturb- 
ance. The expense of 90-kv. potential transformers would 
have been prohibitive, so the potential coils of the relays 
are supplied through compensators, from potential trans- 
formers on the low-tension side of the 90-kv. banks. The 
compensators are arranged to compensate the voltage im- 
pressed on the relays for the effect of current passing 
through the main transformers and are adjusted to give 
to the relays a true proportion of the line to line and line 
to ground voltage at all times. The performance of the 
relaying system is being watched with particular interest, 
as this is one of the first installations of this type of relay 
on a loop that connects only generating stations. ~ 


Air Preheaters in the Power Plant 


DESCRIPTION OF TyPES Now IN GENERAL USE AND SuMMARY 
oF Resutts Wuich May Bre Exprecten From Tuetr Use 


REHEATED AIR was first used early in the 19th 

century, its early use and development having been 
confined largely to use in connection with the produc- 
tion of iron and steel. During the latter part of that 
century tests were made on boiler furnaces in which 
preheated air was used and its effect upon economy noted. 
The strange thing about this development is that so little 
general recognition was given to it until within compara- 
tively recent years. The almost universal opinion of En- 
glish engineers of the last century was to the effect that 
preheating was a fallacy and could not be anything but 
detrimental to combustion efficiency. That is probably 
the reason why this method of increasing the efficiency 
of steam generation did not keep up with other devel- 
opments in steam engineering. 

Within the last few years the use of preheaters has 
come into extensive use. Many of the large power plant in- 
stallations being made today include air preheaters. Their 
value for increasing power plant efficiency has been dem- 
onstrated and they have come to take an important part 
in the steam power station. 

At the present time there are’ several methods in 
use by means of which combustion air may be preheated. 
These are (1) by hollow-wall construction, (2) flat-plate 
heaters, (3) tubular heaters, and (4) heaters of the ro- 
tative or, regenerative type. These methods take ad- 
vantage of conduction and radiation of heat through the 
furnace walls or floor as in (1) or by the absorption of 
the waste heat from the flue gas as in (2), (3) and 
(4). Still another method is available wherein a sur- 
plus of exhaust steam may be used to preheat air. 

Hollow-wall construction really serves two purposes ; 
first that of cooling and thus protecting the furnace wall 
from the destructive heat of the furnace, and secondly, 
it serves as a means of preheating at least a part of the 
air used for combustion. In stoker practice it is quite 
common to arrange openings in the side walls through 
which air is admitted to a hollow section of the wall. 


The air passes downward and enters the furnace just 
above the grate line through perforated lining blocks. 
The lining opposite the section of hollow wall is often 
made of carborundum because of the fact that its rate 
of conductivity is about nine times as great as that of or- 
dinary fire brick. Construction common to pulverized 
fuel furnaces provides for a series of dampered open- 
ings near the rear end of the side walls. Each damper 
controls the air which passes through a horizontal pass- 
age in the side and front walls and discharges into the 
furnace through openings in the front wall. This method 
also preheats the air and keeps three of the furnace walls 
cool. The rear wall is usually protected by either a 
water screen or a radiant heat superheater or both. 
Plate type heaters consist of a steel casing in which 
are contained a number of steel plate elements. The 
gas and air are divided into alternate parallel streams 
which should preferably flow in opposite directions to 
each other; that is, assuming that the gas passes from 
the lower to the upper part of the heater, then the air 
will be drawn in at the top and taken out at the bot- 


tom. Obviously the steel plates are hottest at the point: 


where the flue gas enters and as the gases pass along 
there is a decreasing amount of heat available for ab- 
sorption. As a result of this counter-flow principle, the 
air entering at the point from which the gases leave, 
encounters an increasing temperature as it progresses 
through the heater, consequently absorbing the maximum 
amount of heat. The temperature difference between 
gas and air is thus maintained at a practically constant 
ratio. 


Gas AND AIR FLow IN PARALLEL STREAMS 
Inasmuch as these parallel streams of gas which pass 
over the air elements are spaced close together, it is evi- 
dent that practically all the gas is brought into immedi- 
ate contact with the surface of the elements. This con- 
dition is also true of the air which is divided into parallel 
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streams. Because of the fact that the streams of gas and 
air alternate, both plates of the element are brought into 
contact with the hot gas. This complete contact of both 
gas and air with the same heating surfaces results in a 
most effective transfer of heat. By eliminating the nat- 
ural tendency of the gas and air to stratify, the heat trans- 
fer is uniform throughout the surface of each element. 

In making up a complete heater, the required num- 
ber of elements are assembled side by side and enclosed 
in a steel plate casing suitably braced throughout and pro- 
vided with flange connection on the inlet and exit gas 
and air openings for connection to the air ducts and flues. 

It is in many cases a simple matter to keep the heater 
clean, because the slight weaving action of the plates will 
tend to prevent an accumulation of soot on the surface 
and will assist the gases as they pass over the elements 
to carry through any particles of soot which may be de- 
posited on the plates. The air side of the elements will, 
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FIG. 1. PLATE TYPE PREHEATER CONSTRUCTED FOR ALTER- 
NATE PARALLEL STREAM OF GAS AND AIR 





of course, require no cleaning, as they handle only com- 
paratively clean air. Occasionally, it may be necessary to 
brush the gas passages with a steel brush, or blow them 
out with steam or air lance. 

Test results indicate that the draft loss in this type 
of heater is small. For this reason it is unnecessary to 
provide any great amount of drafts as long as the quantity 
of gas which it is required to handle is kept within rea- 
sonable limits. For example, the draft loss will not ordi- 
narily exceed 0.5 in. with a gas rate of about 6000 Ib. per 
sq. ft. of cross-sectional area per hour. Of course, the 
draft loss would be affected to some extent by the manner 
in which the heater is installed. If the gases are per- 
mitted to pass through the heater vertically, it is obvious 
that the draft loss would be a little less than if they travel 
through horizontally. Wherever the space permits, a ver- 
tical installation is usually preferred, although the prob- 
lem of draft loss is not a serious one in either case. 

Pressure drop through the air side may be somewhat 
higher than that through the gas side, due to the increased 
density of the air. In most installations the air is drawn 
through the heater by the suction of a fan which in turn 
is used to force it to the furnace. It is usually necessary 
to provide a fan for handling the air to the furnace, 
whether or not an air heater is used. 
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Tuirty Per CENT oF Waste Heat MAy Be RECOVERED 


Saving which may be effected increases in proportion 
to the amount of heat available in the escaping flue gas. 
Thirty per cent of this heat may be economically recovered 
with this heater. The degree to which the temperature of 
the air may be raised is dependent upon the weight and 
temperature of the gases available, the weight and initial 
temperature of air to be preheated and upon the amount 
of heating surface. 

The tubular type of air preheater consists of tubes for 
the passage of the flue gases with arrangements for pass- 
ing the air over their external surfaces. There are ordi- 
narily several passes for the air, so arranged as to give a 
counterflow between the gas and air. 
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Regenerative type of reheaters consists of a cylindrical 
vessel made of steel plate. This vessel is horizontally di- 
vided into three compartments, the middle one containing 
a rotating member, called the rotor, which at its periph- 
ery is supported on three carrying rollers. The rotor, 
which is kept in a continual rotation of about 6 r.p.m., is 
divided, by means of partitions, into a number of sections, 
each section being filled with heating elements, which are 
built up from corrugated thin steel sheets, alternating 
with plain sheets. In this manner a great number of 
axial channels or passages through the rotor are formed 
and the required heating surface is provided. 

In the other two compartments, each comprising about 
one-third of the preheater vessel, two diaphragms are ar- 
ranged parallel to each other and to the geometrical axis 
of the rotor. This divides the vessel into four compart- 
ments of which the two upper ones, by means of the great 
number of passage through the rotor, communicate with 
the corresponding lower ones, or in other words, the pre- 
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FIG. 3. REGENERATIVE TYPE OF PREHEATER CONSISTS OF 
A ROTOR WITHIN A STEEL SHELL 


heater vessel is axially divided in two halves, the flue gas 
being confined to one side of the partition and the air 
to the other. 

Two fans mounted on a common shaft are provided 
by means of which the required circulation of flue gas and 
fresh air is secured. ‘The power for driving these fans 
and also for revolving the rotor is supplied by a small 
electric motor, steam turbine, or some other suitable source 
of power. 

Cleaning the elements is accomplished, without inter- 
fering with the regular working of the preheater, by 
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means of a soot-blowing device operated with steam. This 
operation is completed while the rotor makes one revolu- 
tion, thus requiring but a few moments. 

Hot flue gas from the boiler is introduced into the 
lower compartment, whence it passes through the rotor 
while giving up the greater part of its heat content and 
finally is exhausted and impelled to the stack by the fan, 
which is located in the upper compartment of the pre- 
heater. ; 

Fresh air traverses the apparatus in the reverse direc- 
tion, being drawn into the upper compartment by means 
of a fan and forced downward through the rotor, whence 
it is conveyed to the furnace after: having absorbed the 
heat stored in the elements. 

As the rotor slowly turns around, the elements, which 
have been heated by the flue gas passing from the one 
chamber to the second chamber, are continually brought 
into a position to be cooled by the air sweeping through 








FIG. 5. ONE SECTION OF A PREHEATER IN WHICH STEAM 
IS USED TO HEAT THE AIR 


the rotor. Simultaneously, the cooled part of the elements 
is continually returned into a position to be treated by 
the flue gas. Thus a continual transportation of heat 
from the flue gas into the combustion air is effected in a 
mechanical way. 


Attoy Piates Can BE Usep To RETARD CoRROSION 

These machines are rated so that 50 per cent of the 
heating elements can be lost, due to corrosion, and still 
they will be effective as reheaters. Where the corrosion 
difficulties are unusually severe the heating elements and 
fans can be made of chromium steel, thus materially re- 
ducing the tendency towards corrosion. 


Steam air preheaters may be employed to raise the 


temperature of the combustion air beyond that added by 
the gas air preheaters. Furthermore, in industrial plants, 
where large quantities of exhaust steam are available, or 
in existing central stations where exhaust or extraction 
steam may be obtained, the steam air preheater provides 
a means of effecting economies with a minimum of ma- 
chinery and building modifications. 
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INSTALLATION OF A TUBE-TYPE AIR 
PREHEATER 


FIG. 6. TYPICAL 


Gas air preheaters must be designed to handle the 
impure products of combustion; facilities must be pro- 
vided for cleaning them and material must be used which 
will resist corrosion, whereas only air flows through the 
steam air preheater and there is no tendency for the dust 
or dirt in the air to adhere to the surface. This makes 
possible a much more compact design than is possible with 
the gas air preheater and permits the use of metals and 
an arrangement of surfaces which greatly improve the 
unit heat transfer. Because of the lower resistance to 
heat transfer in the steam air preheater and the use of 
brass and copper, which still further reduces the resist- 
ance, the heat transfer per square foot per degree per 
hour is in approximately the order or magnitude of 2 for 
the gas air preheater, against 10 for the steam air pre- 
heater. These figures, of course, are subject to much varia- 
tion, depending on many conditions, principally the 
velocities of the fluids. 

‘Transferring heat from air to water, a practice now 
quite generally adopted for cooling turbine-generators, 
presents just the same problem as transferring heat from 
steam to combustion air, and, therefore, the steam air pre- 
heaters are not dissimilar from surface air coolers. They 
are sufficiently compact to permit installations in places 
where the gas air preheater cannot be installed. They 
will not interfere with the stack draft in plants which are 
dependent on natural draft for combustion and they can 
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be arranged in two or more stages so-as to utilize ex- 
tracted steam at whatever pressures are available. 

Summing up, the following results from the use of 
preheated air may be expected: In all probability the 
temperature of preheated air will be restricted in stoker 
practice to 450 deg. F., at least until further knowledge 
is obtained on the subject. It has been found that pre- 
heated air increases the furnace temperature from 1/10 
to 1/3 of the range through which the air is heated. By 
admitting warm air above the fuel bed, high volatile coals 
may be burned to a better advantage. Cheaper coals, con- 
taining high moisture, volatile and ash content, can be 
burned more economically. 

It is probable that increased clinker trouble may. re- 
sult from the use of preheated air with coal containing 
ash having a low fusion point. It may be expected that 
increased boiler efficiency will result from the improved 
combustion and that the over-all boiler efficiency will be 
increased from 5 to 10 per cent, due to the heat recovery 
from the waste stack gas. It has been found that the 
flue gas temperature at the end of the last pass is lower 
at a given rating with preheated air. 

Infiltration ahead of the preheater and some stack 
loss being unavoidable, result in not over 80 per cent of 
the stack gas heat being recovered. Air preheaters are 
increasingly important where high steam temperatures re- 
sult in higher gas temperatures. A higher percentage of 
CO, can be carried with the same temperature of exit 
gases. Finally, the capacity of the installation will be 
increased from 5 to 15 per cent by the use of preheated 
air, provided that the increased furnace temperatures do 
not offset the gain. 


Money Saved by Ball Bearings 


By W. F. ScHapHorst | 


N AN instance brought to the attention of the writer, 

the installation of ball bearing hangers, and of ball 
bearings on line shafting, resulted in using 25 per cent 
less power than formerly. The entire plant has now been 
equipped with ball bearings. A report concerning this 
plant contains the following interesting information in one 
paragraph : 

“One section supplied by a d.c. generator required be- 
tween 1600 and 1800 amp. at 130 v. when babbit bearings 
were used. The same load is now handled with a current of 
1200 to 1300 amp., which shows that the minimum reduc- 
tion is about 25 per cent of the original load. The power 
saved per day is 468 kw-hr. which in a year’s time at $0.02 
per kw-hr. is worth $2808. As this section of the plant 
takes about 1/3 of the total amount of power used, the 
saving from the use of ball bearings in the entire plant 
would be approximately $8424 per year.” 

We also read and hear much criticism concerning the 
life of ball bearings but the manufacturers of the above 
ball bearings claim that their bearings have been used 
steadily for 10 yr. They say that ball bearings ,“Cost more 
than babbited bearings of course, but they pay back the 
difference in cost, in power saving alone, in less than 2 
yr. time, and after that they are earning a clear profit. 


A CALL-DOWN or criticism, justly administered in a 
straightforward, sincere manner, will do more good than 
a world of praise. 
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Heat Losses From Boiler Furnace Walls 


RADIATION AND ConvEcTION Losses DETERMINED BY AIR VELOCITY 


AS WELL AS TEMPERATURE DIFFERENCE.* 


VEN THOUGH the rate of heat loss from a surface 
is maintained at a given temperature, it may be 
greatly increased by air circulation over the surface. This 
is illustrated in Fig. 1, which shows the factors by which 
losses under still air conditions must be multiplied to find 
the loss at a given velocity. These curves are based on 


sthar Cond tions 


fo Lass 





Air Velocity ft per ran 


FIG. 1. RATIOS OF HEAT LOSSES WITH MOVING AIR TO STILL 
AIR AT SAME TEMPERATURE 


Langmuir’s equations for convection and increase in con- 
vection losses due to air velocity. Many other investiga- 
tors have shown increases in rates of heat loss of much 
greater magnitude. In fact, some show increases approx- 
imately double those illustrated in Fig. 1 and it has been 
shown that still further increases may occur if air cur- 
rents strike the surface obliquely instead of flowing paral- 
lel to it or impinging directly upon it. Therefore, the 
values represented by the curves in Fig. 1 may be re- 
garded as showing conservatively the minimum effects of 
air velocity and in a given case the effect will probably be 
much greater rather than any less than these values. 

The reason for the different rates of increase for sur- 
faces at different temperatures is that heat transmission 





‘hk ae of paper presented at Fuels Saving Conference, May 
**’ Chief Engineer, Johns-Manville Co. 


By L. B. McM1iLian** 


from surfaces takes place partially by convection and par- 
tially by radiation. Air circulation affects only the con- 
vection. At a temperature of 400 deg. F., the radiation 
component which is unaffected by air velocity is a larger 
proportion of the total transmission than it is at 200 
deg. F., consequently a given increase in convection affects 
the total less at 400 deg. F. than at 200 deg. F. For 
temperatures less than 200 deg. F: the convection com- 
ponent tends to decrease more rapidly than the radiation 
component, so that the curve for 100 deg. F. would lie 
near that for 300 deg. F. 





“Termperarwe Lfference- as 


FIG. 2. HEAT LOSSES FROM SURFACES AT VARIOUS TEM- 
PERATURES AND EXPOSED TO DIFFERENT AIR VELOCITIES 


In spite of these variations in increase factors, however, 
the losses are materially increased by air velocity at all 
temperatures. This point is brought out more clearly in 
Fig. 2, in which total losses are shown for various tem- 
perature differences for each of the following velocities: 
0, 200, 400, 800 and 1600 ft. per min. It is apparent 
from these curves that air velocity is almost as important 
a factor in determining heat loss from a surface as the 
temperature difference between the surface and surround- 
ing air. 

Air circulation over the surface of a brick wall in- 
creases the rate of heat transmission from the surface ac- 
cording to the factors shown in Fig. 1 and as previously 
pointed out, this tends to cool the surface and increase 
the heat loss through the wall. Therefore, while the in- 
crease in heat loss is not as great as for surfaces main- 
tained at constant temperature, the outstanding fact is 
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that, with a lower surface temperature, the wall is trans- 
mitting more heat. This fact may be illustrated more 
clearly by reference to Fig. 2, where it may be seen that 
the rate of heat transmission from a surface 100 deg. F. 
above air temperature and exposed to an air velocity of 
400 ft. per min. (approximately 4.5 mi. per hr.) is greater 
than for a surface 150 deg. F. above air temperature but 
exposed to still air. 

From the preceding facts it is evident that misleading 
conclusions are likely to be reached if surface tempera- 
ture alone is taken as an index of heat losses. Air cir- 
culation not only increases the rate of heat transmission 
from the surface, but since the velocity is rarely con- 
stant over a long period of time, it also introduces varia- 
tions in surface temperatures and in temperatures of air 
adjacent to the surface. A familiar example illustrating 
these points is the case of a boiler plant where the tem- 


tr 
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400 +400 
Air Velogity-ft per mn. 
SURFACE TEMPERATURES 
EFFECT OF AIR VELOCITY ON HEAT LOSSES AND 
SURFACE TEMPERATURE OF INSULATED WALL 


FIG. 3. 


perature of the wall of the end boiler is usually lower than 
that of the walls adjacent to the alley between batteries 
yet, other conditions being the same, the loss from the 
more exposed wall is.undoubtedly the greater. 

In the case of insulated walls, the variation in rates 
of heat transmission due to air circulation is less than 
for walls without insulation ; because, as pointed out above, 
the higher the total resistance to heat flow the less the 
results will be affected by variations in surface resistance. 
However, while these variations in surface resistance have 
little effect on the total heat flow, they do have a marked 
effect on surface temperatures. This is illustrated in Fig. 
3, which is based on a 1314-in. thickness of fire brick at 
2000 deg. F. inside face temperature, with a conductivity 
of 7.5 B.t.u. per sq. ft. per deg. temperature difference 
per 1 in. thick per hr., insulated with 214-in. thick in- 
sulation with a conductivity of 0.7 B.t.u. per sq. ft. per 
deg. temperature difference per hr. Surrounding air tem- 
perature 80 deg. F. 
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13.5 
R, = Resistance of Brick = = 1.80 
7.5 
2.5 
R, = Resistance of Insulation ==——=~ _ 3.58 
0.7 


R, = Surface Resistance (from Fig. 4) =0.42 
Total Resistance, 5.80 
2000 — 80 
Heat loss = — —— = 331 B.t.u. per sq. ft. per. hr. 
5.80 
The above individual resistances expressed as percent- 
ages of the total resistance are interesting in that they 
show the relative effects contributed by each element of 
the construction : 
Resistance of brick wall in the foregoing example = 








1.8 
1.8; —— = 31.1 per cent of total. 
5.80 
3.58 
Resistance of insulation = 3.58; = 61.7 per 
5.80 
cent of total. 
42 
Surface resistance = .42; —— = 7.2 per cent of 
5.80 


total. 

It is apparent, therefore, that the insulation offers 
much the greater part of the total resistance to heat flow, 
and that the loss from the insulated wall is small as 
compared with that from uninsulated wall. Computa- 
tions similar to the preceding for the wall without insula- 
tion, other conditions being the same, show a heat loss of 
909 B.t.u. per sq. ft. per hr. Therefore, the saving by 
insulation is 578 B.t.u. per sq. ft. per hr. At a cost of 
heat of only 20 cents per 1,000,000 B.t.u., this saving 
is equivalent to $1.10 per sq. ft. per yr. If the walls 
were exposed to air circulation, the saving would be even 
greater, because the increase in loss from the uninsulated 
wall would be much greater than for the insulated wall. 


SuRFACE TEMPERATURE Not RELIABLE INDICATION OF 
; Heat Fitow 
Reference to Fig. 3 illustrates clearly the fact that sur- 


face temperatures do not give a reliable measure of con- 
duction losses. In the first place, the effect of air circu- 


* lation is to increase the heat losses and to decrease the 


surface temperature. Therefore, under these circum- 
stances, the lower surface temperatures are by no means 
indications of a lower heat loss. It was pointed out that 
the increases in heat transfer from surface due to air 
circulation might in some cases be much greater than 
those shown in Fig. 1. The solid curves in Fig. 3 are 
based on the factors given in Fig. 1, while the dotted 
curves represent what would occur if the increases in 
surface losses were double those given in Fig. 1. It is 
apparent that the heat losses through the insulated wall 
would be changed only slightly, but the surface tempera- 
ture would be still further decreased. In addition to 
variations due to air circulation, there are other effects, 
such as nature of the surface and exposure to other hot or 
cold surfaces which introduce additional variables affecting 
the relationship between surface temperatures and heat 
losses. While these variables have relatively little effect 
on the total heat transmitted through an insulated wall, 
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vice may be followed from Fig. 2; (1) shows the device, 
they may have entirely disproportionate effects on sur- 
face temperatures. 

The temperature drop through each element in the 
construction is given approximately by the multiplying 
of the percentages in the example by the total temperature 
drop from inside surface to surrounding air, 1920 deg. 
F. in the foregoing example. However, the temperatures 
actually obtained at various points in the construction 
are usually lower than values calculated in this manner 
because of conduction of heat along the wall itself from 
the high temperature zone to cooler parts of the wall. 
Where there is a relatively large amount of air infiltra- 
tion, the temperatures will be much lower than the cal- 
culated values; however, insulation may be applied in a 
manner to reduce effectively the losses due to this infiltra- 
tion, as well as the losses due to conduction through the 
wall. Boiler wall coatings are sometimes used, even on 
furnaces other than boiler furnaces, to prevent infiltra- 





Heat Transtnitted-Atu per sq ft perhr 
SURFACE RESISTANCE AS AFFECTED BY AIR VELOC- 
hip 


Fia. 4. 


tion, but these are not insulations and offer practically no 
resistance to conducted heat. On the other hand, insula- 
tion may be made to serve a double purpose, with the re- 
sult that the combined savings from reducing conduction 
losses and infiltration losses greatly exceed the savings due 
to its insulating value alone. 

Within the limitations of refractories as to tempera- 
ture, the effect of insulation of the furnace walls, suit- 
ably proportioned and properly applied, may be regarded 
as beneficial rather than otherwise; because the use of 
insulation results in more uniform temperatures in the 
wall, and it is unequal expansion rather than expansion 
alone that is most injurious to walls. The maintaining 
of more uniform temperatures tends to prevent cracking 
of the wall, and to minimize the inequality of stresses 
which result in the spawling of the bricks. An example 
of this is the effect of insulation in decreasing damage to 
brick due, to shock stresses during heating and cooling 
of walls. 


BrooK.yn Eptson Co. is planning to install an 80,000- 
kw. turbo generator in its Hudson Ave. station in addition 
to the three 50,000-kw. units already in use. When the 
station is completed, it will have eight units and a capacity 
over 700,000 kw. 


NEVER TAKE UP too tight on the packing glands of a 
centrifugal pump. The result of,such practice is the 


burning up of the packing and the scoring of the runner 
shaft. ; 
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Starting Centrifugal Pumps 
Without Priming 


By C. H. 8S. TurpHoLME 


LL POWER plant engineers who have had any ex- 
perience with centrifugal pumps are aware of the 
difficulties often met with in starting up the pumps, espe- 
cially if the pumps are located much above the level of the 
As a general rule, they will have found 


water they lift. 
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FOOT VALVE WAS NOT MADE USE OF IN THIS IN- 
STALLATION 


that water has leaked away through the foot valve, leav- 
ing the casing full of air, which must be displaced by 
priming water or removed by an injector before the pump 
can be put into operation. 

In this connection, a device installed at one of the 
big London plants will prove of interest. The installa- 
tion, made without a foot valve, is shown in Fig. 1. The 
vertical suction lift was 22 ft. The pump here has to 
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PRIMING DEVICE CONSISTS OF A STEEL CYLINDER 
INSIDE OF WHICH IS A CONICAL PIPE 


FIG. 2. 


empty a dirty-water sump at frequent intervals, discharg- 
ing into an overhead tank. The device installed, shown in 
Fig. 1, enables the pump to be started at once without 
preliminary priming or any other attention, regardless 
of the suction lift within reasonable limits. The use of 
this device enables the pump to be started as easily as if 
it had been submerged. 

The device consists of a closed steel plate cylinder 
located on the suction line of the pump and on a some- 
what higher level. The inlet to the device is at the top 
and the outlet to the pump immediately beneath, a conical 
pipe being fixed between the two. The action of the de- 
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having been primarily filled, ready for operation; (2) 
shows that, when the pump is started, it draws water from 
the device, creating a partial vacuum in the upper part, 
causing suction water to rise up the suction pipe and 
flow into the top. This ordinarily begins when the device 
has been about half emptied by the pump; (3) shows that, 
within a few seconds after starting, the incoming water 
catches and entrains the rarefied air in the device, con- 
veying it through the pump. The device then continues 
operating practically fully charged with water. The water 
entraining the rarefied air does, in fact, become aerated, 
and air bubbles are seen in the discharge water for a short 
time after the pump has started. 


ENGINEERING 947 


To secure satisfactory operation under all conditions 
of operation, including the uncovering of the suction pipe, 
the cubic capacity of the discharge pipe from the pump 
is greater than that of the device. When the pump is 
stopped the water in the discharge pipe flows back through 
the pump, up through the device and away through the 
suction pipe. This back flush is advantageous in com- 
pletely filling the device and also in washing out any 
refuse which may have been brought in while operating. 
If the pump has worked down so low as to empty the de- 
vice, there will be sufficient air in the discharge pipe to 
flow back and refill the device after the pump has been 
stopped. 


Cost Analysis Indicates Way to Economy 


CAREFUL ANALYSIS OF PoWER Costs IN CINCINNATI OFFICE BUILD- 
ING SHOWS THE ADVISABILITY OF RETAINING THEIR PRIVATE PLANT. 


BOUT 85 per cent of the troubles encountered in old 
power plants can be solved by the application of com- 
mon sense plus the normal ability to select modern devices 





continuous demand for current there is justification in 
isolated plant operation. On the other hand, there are 
cases where either one or the other item of heat and 











FIG. 1. VIEW IN ENGINE ROOM SHOWING TWO OLD HARRISBURG UNITS IN THE CENTER FOREGROUND AND THE 
NEW SKINNER UNAFLOW ENGINE AT THE LEFT 


necessary to secure improved economy. In most cases the 
direct cause of the high cost of operating old plants lies 
in the obsolete inefficient equipment installed, and the sub- 
stitution of modern apparatus will materially increase the 
revenue derived from the operation of the plant. 

In the case of an old isolated plant, which has not 
been maintained in the best of condition, there comes a 
time when the Central Station Power Co. can easily show 
the losses and convince the owner that the plant should be 
abandoned. Before scrapping a plant of this type and ar- 
ranging for the purchase of electrical energy it will usually 
pay to make some careful studies in regard to power costs. 

Where the coal consumption for heating purposes is a 
large item and where there is a large proportionate and 


lighting is of minor importance and where central station 
power is the logical step. This can easily be determined 
from analysis. 

An interesting condition of the type referred to above 
arose several years ago in connection with the power plant 
serving the “Edwards” Bldg. in the downtown district of 
Cincinnati. The problem here was probably different, al- 
though the facts involved in the solution were relatively 
the same. This plant in addition to serving the Edward’s 
Building and a loft building devoted to light manufac- 
turing, also supplied heat, light, power and other utilities 
to about 25 outside customers within the block. It was 
therefore a “block” plant. and was operating as a Public 
Utility Corporation and had filed at Columbus, a schedule 
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FIG. 2. DIAGRAM SHOWING ARRANGEMENT OF EQUIPMENT 
IN THE PLANT 


of rates on current which governed the revenues of this 
particular service. 

The plant had been in operation for a period of 20 yr., 
during which time no depreciation fund had been set up 
to replace the equipment nor had any effort been made to 
maintain efficient operating conditions. When the present 
owners acquired the property, the power plant had reached 

.a stage of deterioration where it had to be abandoned or 
radical changes made to restore its value. 

To complicate the situation further, the plant was 
tied up with contracts with outside customers for light, 
heat and other utilities which had to be carried out. It 
was, for this reason, not feasible to abandon the plant and 
the problem was one of economy in operation. 


DESCRIPTION OF PLAN? 


Main equipment in the old plant consisted of four 
boilers equipped with Jones underfeed stokers, together 
with engines, generators and auxiliary equipment. The 
boilers were of the following makes and capacities: one 
200 hp. Tudor return tubular boiler and three Erie City 
water-tube boilers rated at 250, 300 and 350 hp. respective- 
ly, making a total of 1100 b.hp. 

In the engine room there were three engine driven 
generator units, one, a 250-kw. unit driven by a 4-valve 
Watertown engine, one 200-kw. unit and another 100-kw. 
unit, both driven by Harrisburg counterflow engines. The 
generators were all 250-v. direct current units made by 
the Triumph Electric Co. 

Two steam driven hydraulic elevator pumps, house 
pumps, vacuum pumps, together with the usual auxiliary 
equipment, completed the plant. 

Of the three engines the two Harrisburg units were 
in good operating condition, although they consumed the 
excessive amounts of steam usually required by the slide 
valve type of engines. The three generators were also in 
excellent condition. The Watertown engine, however, was 
in extremely poor shape and was a worthless handicap. In 
fact it was entirely dangerous from an operating view- 
point. As a result, the 250 kw. generator was idle and had 
not been in service for 3 or 4 yr. This was unfortunate, 
since this generator had ample capacity to carry the en- 
tire load. This machine, in fact, formed the basis of the 
changes subsequently made which placed the operation of 
the plant on an economical basis. 

Practically every steam joint in the plant was leaking 
and much of the steam piping and other heat radiating 
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FIG. 3. THE VACUUM PUMP FOR THE HEATING SYSTEM 


surfaces were uninsulated. Steam lines were insufficiently 
drained and many of them contained water pockets. There 
was also an excessive amount of pipe work which had 
accumulated throughout the life of the plant and much 
of it was rendering no service. 

In the preliminary considerations which finally led to 
the rehabilitation of this plant, the first step was to make 
a complete analysis of the cost of operation under the then 
existing conditions. In this study the following factors 
were taken into account: coal, labor, maintenance, space, 
rental and management. The result gave a cost figure 
which showed that they were operating at a figure higher 
than the low schedule rate filed at Columbus, and it in- 
dicated that if the plant was to be operated on a profitable 
basis, the increased economy would have to be obtained 
through the use of new improved equipment. 

Under the old operation the company was purchasing 
about two-thirds of the total current used from the local 
public service company and producing the remaining third. 

The next step was a study based on the cost of opera- 
tion using all purchased current, which meant the abandon- 
ment of the generating units. This purchased power also 
had to carry its portion of the burden of fixed charges and 
operating expenses. The result still showed a figure higher 
than the low rate schedule to which they were confined. 

Finally, an analysis was made, based on the generation 
of all the power through the installation of a modern uni- 
flow engine, direct connected to the 250-kw. generator 
which, as was stated, was in excellent condition. This 
study gave a much lower cost for power than either of the 
two previous studies, so that this was the plan decided 
upon. 


DESCRIPTION OF CHANGES MADE 


The basic change was, of course, the junking of the 
old Watertown engine. A new 400-hp. Skinner Universal 
Unaflow Engine was ordered and this was direct connected 
to the 250-kw. generator. As was stated previously, it was 
the installation of this highly efficient engine which was 
largely responsible for the economies effected in the sub- 
sequent operation of the plant. This unit is fully capable 
of handling the entire load so the remaining two engines 
are used only as standby units. 

Next, all of the excess piping was pulled out, and the 
remaining lines straightened and rearranged with suitable 
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drip pockets and traps which eliminated the dangers 
previously existing. All heat conveying and exposed radiat- 
ing surfaces were then thoroughly insulated with the best 
85 per cent magnesia insulation. 

The boilers were old, but as it was not feasible to make 
all the proposed changes at once it was decided to keep 
them in service for a few years longer. The boiler settings 
were thoroughly restored, brickwork was repaired and in- 
sulation was improved. Tubes and other heating surfaces 
were cleaned, and all auxiliary mechanism overhauled so 
that maximum results could be obtained in steam produc- 
tion. 

Another part of the plant in which considerable im- 
provement was effected was in the heating system for the 
block service. Here the heating lines were rearranged and 
a zone system installed so that the distribution of the ex- 
haust steam for any section or building in the block can 
be controlled by the engineer through suitable valves. The 
manifold controlling the heating service may be seen in 
Fig. 3. 

The value of the distributing mains was also increased 
materially. One vacuum pump in the engine room now 
handles the entire block load system. By means of these 
changes it has been possible to supply satisfactory heating 
service to the outside customers as well as to the Edwards 
Bldg. property on 1 lb. pressure and about 8 in. of vacuum. 

With regard to the fuel used, a high grade bituminous 
nut and slack coal has been found satisfactory. Excellent 
results have also been secured with screenings from Poca- 
hontas lump coal which accumulates in the dealer’s yard. 
When this latter coal is available at a relatively low price, 
it has proven to be the most economical. 

The matter of fuel supply is rather an awkward one, 
due to the fact that practically no storage space is available 
and they have to depend upon daily truck deliveries to the 
boiler pits.. It is necessary to use a high grade of coal at 
this plant because the smoke ordinances in this central 
location are rigidly enforced. 

An automatic damper control apparatus regulates the 
draft and CO, recorders which will soon be installed will 
aid still further in improving combustion efficiency. 

The figures leading to the decision to rehabilitate this 
plant will no doubt be of interest to other engineers con- 
fronted by similar problems. The following summary 
shows quite clearly what modern equipment will do for the 
isolated plant in the way of economy. 








FIG. 4. THE BOILER ROOM 
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PoWER AND LIGHT ANALYSIS 1921-22 

Total power and light purchased and produced. Elec- 
tric power purchased 600,100 kw-hr. Electric power pro- 
duced 230,610 kw-hr. Total 830,710 kw-hr. Total revenue 
from power and light $41,953.99. Average sales price per 
kw-hr. 5.05 cents. 

Totat Coat PurcHAsED—ALL OPERATIONS 

Coal, tons 2708 

ae eer 

Average price per ton............+.-- 5.85 

Coa DIsTRIBUTION FoR PLANT IN ToNs 


ee 


Power aml THe, BOms 5... ccc sccccencs 829 
CN ainihs Keaxteecsessensen news 760 
Hydraulic elevators, toms.............++005 535 
Hydraulic pumps and auxiliaries, tons...... 201 
aT WG GORI: OTN So 'a:55: 610.5 si dia’s.<-0:.0 seieeee eine 383 
CHARGES AGAINST PowER AND LIGHT OPERATION 
ees alonk wane SED EG eo sso OHM $ 9,295.45 
I kira daGewsearares ences 5,040.00 
I ices eet dvSsannneebeeee 1,750.00 
PI 6 ites sieedcvecenwsde ets 1,300.00 
EAUEMTEDR rot cc O is «nd wiclepe bio eae Wacalelbia deta 7,902.80 
PE abe Sissi pecs ceeecedanes 200.00 
$25,288.45 
OLD OPERATION 

PE OEE sb nr cevesdneroescnna $12,311.00 
anny a wide an awdednelenn dane we del 9,295.65 
NE Ee ne ee 7,902.80 
NS 5. soi ae KS HRS RROD OA ORE 1,750.00 
I 0 bah 0 <0 0,0.94.40% 00248500 5,040.00 
IS knee eden scwheeeceeesen 1,300.00 
IEE 5 60-5 ws eeu padag een dane 200.00 
eee rere rer ee $37,799.45 
Ras en ee canna Naeenksnons 4.55 cents 
OPERATION BasED ON ALL PuRCHASED CURRENT 
POY. hv acaSekewerdeesueeed $17,037.86 
Coal (heating plant) .............0.6.. 3,800.00 
eee ES SO ore ere ee 6,750.00 
RE ee ene eee 1,750.00 
PN is CS iN ioscan eeeees 5,040.00 
ELEN TOUTE EET TTT Te 650.00 
I is cirthan eas sub seers Ke 200.00 
EE oe on en eee $35,227.86 
ici escnekkneerencnnes 4.24 cents 








ONE OF THE STEAM DRIVEN HYDRAULIC ELEVATOR 
PUMPS 


FIG. 5. 








In considering the overhead factors in the operation 
based on all purchased current, allowance was made in the 
provision for labor and maintenance. Under the present 
working conditions it is necessary to produce steam for the 
operation of the hydraulic elevators and for live steam 
process users in the loft buildings during the entire year. 
It is necessary to maintain the engineering staff under a 
slightly reduced basis. 


OPERATION BASED ON ALL GENERATED CURRENT WITH 
Mopern UNIFLOW ENGINE 


830,710 kw-hr. at guaranteed 5 lb. per 


Ewer wes scaseh ease Es esa eee 2,076.77 T. 
EG eiain ch bee ows ko bxcteeacnnees $10,383.88 
Re eee ee Pore ere ee ee ei 7,902.80 
DE. ois s¥isscesssncteestatos 1,750.00 
SENS 5A cw ska weden cab daep ned 7,140.00 
CN 6.65 osha bk ke de eeeeW ee 1,200.00 
NL: “6 ib ptarnpscseeeneerees 200.00 

errr rey rrr errr ry. $28,576.68 
eg ee eer ee er 3.44 cents 


It will be seen that these latter figures are practically 
the same as for the old operation with the exception of the 
fixed charges which have been raised to include the addi- 
tional investment in the new engine. 

In addition to the actual improvements effected in the 
power plant another phase of the rehabilitation work was 
a careful revision of the rates for heating. It was found 
that the previous owners had been selling heat at rates 
which not only did not permit an adequate return but 
which were unequitable insofar as the customers were con- 
cerned. The entire schedule of heating rates was therefore 
gone over and placed upon a profitable as well as equitable 
basis. At the present time the revenue from the sale of 
exhaust steam for heating purposes offsets the coal bill 
for all other operations and it gives the owners a consider- 
able net return on the power and heat operations. 

To cite an example of the return which is obtained, we 
have taken from the records the figures for the month of 
November, 1923, and are presenting them herewith. This 
is typical of the average run during the 7 mo. heating sea- 
son. During this month 75,450 kw-hr. were produced 
which were sold at an average price of 5.3 cents per kw-hr. 





INCOME 
FRAO Swatis: at OSS... 2.2 ccccsaces $4,198.85 
renee THO TORE... one ce sicsccccs 1,607.26 
OPEC CT COTO OCTET TOT $5,806.11 
EXPENSES OF OPERATION 
Ee ee ee ree $1,569.75 
DT ctkivechek Modkie tae davhesan’ 1,320.00 
eee reer tie 600.00 
| TT eT TT ee 272.00 
ORIN. 6 oo dinne cccssccdeassdawael $3,761.75 
ee eee reer Pree rs $2,944.36 


The-plant is now operating on a satisfactory basis and 
further “improvements will be made as the need demands. 
One of the next changes will be the substitution of new 
modern water-tube boilers for the old ones now being op- 
erated. The first of the new units has already been ordered 
and will be installed within the next few weeks. 
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While it is possible to operate continuously and inde- 
pendently of the Central Power Company, the plant has 
been purchasing current during the summer months on a 
satisfactory schedule. The fact that operation could be 
continued on an economical basis the year round has given 
the owners a distinct advantage in the matter of central 
station power rates. 

In concluding this article we wish to express our in- 
debtedness to O. F. Slimp, manager of the Edwards Bldg., 
and to George Limbach, chief engineer, for assistance ren- 
dered in the preparation of this article. We also extend 
credit to the Proceedings of the 17th annual Convention 
of the National Association of Building Owners and Man- 
agers, from which certain figures contained in this article 
were taken and to the L. I. Snodgrass Co., of Cincinnati, 
Q., for information regarding the Skinner engine. 


Use of Small Stokers Increases 


TRAWS SHOW which way the wind blows and some 

figures recently given out by the U. S. Department 
of Commerce give an indication of the trend in mechan- 
ical stoker use. 

During 1924, an average of 14 firms reported sales of 
1128 stokers, for a total of 514,379 hp. or average of 455 
hp. per stoker. For the first 6 mo. of 1925, 13 firms re- 
ported sales of 840 stokers, 351,298 hp., averaging 420 
hp. per stoker. For 1924, 161 stokers were for fire-tube 
boilers, averaging 150 hp. and 967 for water-tube boilers, 
averaging 505 hp. For 6 mo. of 1925, 151 stokers were 
for fire-tube, averaging 183 hp. and 689 for water-tube, 
averaging 470 hp. 

These figures indicate increased sales, and that use of 
stokers for smaller plants is growing; also that in fire- 
tube boilers larger sizes are being installed and that water- 
tube boilers are being used in smaller sizes. 

It is certain that the size of the largest water-tube 
boilers is being increased and that they are stoker equipped, 
so the lowering of average size of stokers for water-tube 
boilers can only mean a big development in use of stokers 
for smaller boilers. 

Data are not extensive enough to make these general- 
izations conclusive, but the trend is supported by com- 
parison of figures over the two years past. They are as 
follows : 


Fire Tube Water Tube 
No. Sold Av.Hp. No.Sold Av. Hp. 
1923—July to Dec.. 96 160 478 525 
1924—Jan. to Dec. .161 150 967 505 
1925—Jan. to July..151 183 689 470 


IN THE HEART of Sussex, England, land of slow-moving 
countrymen and wood untouched since the days of the 
Romans, there is a 600-acre farm that is said to be the 
most highly developed electrically of any on earth. All 
cultivating and reaping is done by electricity, hay is cured 
without sunshine by forcing drafts of air through the 
mows with electric fans, milking machines and churns are 
motor-driven, brooders for baby chicks are heated by elec- 
tricity and the hens are caused to produce 20 per cent 
more eggs than normal during the winter months by hav- 
ing lights in the laying pens at night. Even the working 
hours of the bees are prolonged in the spring by putting 
them in electric-lighted and heated houses. 
—N. E. L, A. Bulletin. 
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Types of Foreign Marine Diesel Engines 


SWEDISH ENGINES UsEp on M. S. ZoroOASTER FOR PRIME 
Mover AND AUXILIARY EQuiPpMENT. By H. F. Birnie 


NE OF THE first concerns to take up the patents of 

Dr. Rudolf Diesel was the Nobel Co., formerly 
located in Petrograd, Russia, but now located in Nynas- 
hamn, Sweden. Their latest model, called the Nobel, is 
installed in the M. S. Zoroaster, which visited New York 
in 1924. This engine presents many distinctive features 
and has aroused considerable interest in oil engines. 


ey 
igo 


FIG. 1. SIDE ELEVATION OF 1600 HP. 


Photographs shown in this article were taken in the 
erecting shop in Sweden prior to the installation of the 
machinery on board ship. 

Figure 1 gives a general idea of the Nobel-Diesel. It 
is a 4-cylinder, 2-cycle, single-acting engine, having a 
bore of 2614 in., a stroke of 3614 in. and develops 1600 
b.hp. at 105 r.p.m. The columns supporting the cylinders 
are braced together by hollow cast-iron beams and act 
as receivers for the air used in scavenging. Air com- 
pressor and scavenging pumps are located in the back of 
the engine and are driven from the crossheads by means 
of levers. The bed plate is in two sections bolted to- 
gether and the cam shaft is driven by a vertical shaft using 
spiral gears. To the middle, between the two center cylin- 
ders, a helical gear drives the rotary valve controlling 
the inlet and outlet of the scavenging pumps. This valve 





rotates at 1/3 of the crankshaft speed. The engine is 
operated from the platform. By locating all the auxil- 
iaries in the back, the overall length is reduced. 

Some of the construction details are more clearly il- 
lustrated in Figs. 2 and 3. Each cast-steel cylinder head 
is provided with three valves—a starting, a fuel and a 
pressure relief valve. The latter is connected to the 


- 
+ 
- 
- 
- 
“ 


NOBEL ENGINE TAKEN IN ERECTING SHOP 


scavenging air receiving space. The piston skirt is at- 
tached to the piston rod but the wiper ring is fixed in the 
lower end of the cylinder liner and presses inward. Sea 
water is used in the cooling system. There is no outward 
connection between the frame and the cylinder head, as 
the cooling water passes from one to the other of three 
drillings provided at the upper flange ofthe liner. The 
shape of the combustion chamber was carefully designed 
to insure the best possible scavenging: ._ Intake and ex- 
haust ports are not placed at the same level but the former 
reach higher in the cylinder than the latter, thus con- 
trolling the scavenging air. At first this was done by a 
piston valve actuated from the*tam shaft, but later re- 
placed by an automatic shutter. 

In Fig. 3 is shown the peculiar design of the levers 
driving the auxiliary units, The fulcrum pin, instead 
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FIG3 


FIGS. 2 AND 3. CYLINDER HEADS ARE PROVIDED WITH STARTING, FUEL, AND PRESSURE RELIEF VALVES. INTAKE 
AND EXHAUST PORTS AT DIFFERENT LEVELS , 


of being fixed in the middle, sets on the lower -face of 
the rocker arm. 

MANEUVERING CONTROLLED FROM UPPER PLATFORM 

A close-up view of the maneuvering platform is shown 
in Fig. 4. The injection and starting air control wheels 
are not shown, but all the other elements are plainly 
visible. For each cylinder, there are two fuel cams, two 
starting cams, two compression relief cams, one scaveng- 
ing valve control cam and one indicator motion driving 
cam. The handwheel at the left is used for priming the 
fuel cam. In the center there are three maneuvering 
levers and one fuel regulating device. A and B control 
the rocker arms by bringing them in contact with the 
different cams or by keeping them off their surface; D 
shifts the whole cam shaft back and forth, setting the one 
or the other cam in front of the different rocker arm rollers ; 
C adjusts the amount of fuel going to the cylinders, An 
interlocking device prevents D from moving until all the 
rollers clear the cams. A and B can be set in three dif- 
ferent positions. When central, all the rollers clear the 
cams (neutral position) ; when pushed forward, the start- 
ing and the pressure relief valve are acting, but the fuel 
valve is kept closed (starting position); when pulled 
backward, the fuel valve is working, but the two other 
valves are idle (running position). 

To start the engine, A and B are first set in neutral 
position and D in either forward or reverse position. From 
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FIG. 4. MANEUVERING IS CONTROLLED FROM THIS 
PLATFORM 


neutral, A and B are then both pushed into starting posi- 
tion. As soon as the flywheel has made a revolution, A 
is pulled into running position (A controls the two cyl- 
inders at the left), and B is then brought into the same 
position as A, immediately after the two cylinders at the 
left have begun firing. When reversing, A and B are 
put in neutral; D is then set in the opposite position 
and the operation is repeated. 

These maneuvering motions are generally done on the 
larger marine engines, with the help of an auxiliary, so- 
called “servomotor.” The Nobel engine dispenses with 
the latter but notwithstanding, the engine may be brought 
from full speed ahead to full speed astern in 8 to 12 
seconds. 

It should be noted that, when reversing the engine, 
two other units must be considered. As the levers A and 
B are put in “neutral,” the fuel pump is prevented from 
delivering by keeping the suction valves open and the 
scavenging air piston valve is brought in the reverse posi- 
tion by the shifting of lever D. This shifting lifts or 
drops the piston valve by means of levers acting on an 
eccentric shaft, so that in one case the scavenging air 
inlet is controlled with the upper piston ring edge, in the 
other case with the lower ring edge. 

Another element must also be taken care of by lever 
D, while reversing, which is that the rotary valve of the 








FIG. 5. SHOWS DETAILS OF THE FUEL PUMP. ECCENTRIC 
STRAP AT RIGHT CLAMPS VERTICAL SHAFT 
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FIG. 6. CLOSE-UP OF ROTARY SCAVENGING VALVE 


scavenging pump must be turned through a certain angle 
corresponding to the new direction of rotation. This is 
accomplished by three levers and an auxiliary coupling, 
as shown in Fig. 3. 

As a rule, marine Diesels have a much better control- 
ling mechanism than the stationary engine. The inter- 
locking device prevents moving D unless A and B are 
in the neutral position, as well as making it impossible 
to move A and B, unless D is in either the “ahead” or 
“astern” position. The Nobel-Diesel also provides an 
auxiliary valve which prevents the flow of air to the start- 
ing valve in any position of A and B, except the starting 
position. This arrangement makes it thus possible to 
keep the starting air bottle open during maneuvering. 

In Fig. 5 is shown a close-up view of the fuel pump, 
driven by the vertical shaft, shown to the left in Fig. 1. 
Figure 6 shows the rotary scavenging valve and Fig. 7 
gives a view of the partly erected engine, with some of 
the crank-shaft counter weights in place. 


REsutts or Tests SHow Goop EFFICIENCIES 

Cooling of the engine is done by sea water, which 
the Nobel engineers preferred instead of oil. Lubrication 
is of the sight-feed, gravity system (see Fig. 4), except 
for the cylinders and the compressor. As a means of 
starting, the engine is fitted with a reversible air motor 
which can be meshed with a gear fixed at the flywheel 
end of the crank-shaft. This motor may be seen in Fig. 
1, bolted on a bracket, near the vertical shaft. Behind 
this vertical shaft is a governor, which connects to the 
fuel pump through a long rod and prevents any racing 
of the engine. 

Tests made in the shops showed good efficiencies. ‘The 
fuel consumption at full load and with the engine driv- 
ing the scavenging pumps, compressor, water cooling pump 
and the lubricating oil, circulating pump was 0.394 Ib. 
per b.hp.-hr. with a fuel of 17,900 B.t.u. per lb. The 





FIG. 8. INDICATOR CARD SHOWS AVERAGE COMPRESSION 
OF 412 LB. PER SQ. IN. 
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FIG. 7%. PARTIALLY ERECTED ENGINE WITH COUNTER 
WEIGHTS OF CRANK-SHAFT IN POSITION 


brake mean effective pressure at that load was 74.4 lb. 
per sq. in. and the mechanical efficiency was 80.5 per cent. 
The average compression in the main cylinders was 412 
lb. per sq. in. with a maximum peak of 455 lb., as illus- 
trated by Fig. 8. Air for scavenging requires a pressure 
of only 2 lb. per sq. in. 


Hor Buisp ENetne Usep ror Air COMPRESSORS 

In addition to the large Nobel engine driving the 
ship, there is provided a 2-cylinder hot-bulb engine, which 
drives air compressors used to replenish the starting air 
supply when more than the usual number of maneuvers 
is to be made. 

Unlike the solid injection engines with straight ato- 
mization, relying on a finely divided spray and on the 
heat generated by compression to ignite the fuel charge, 
the hot-bulb engine depends on the heat radiated from 
the uncooled part of the combustion chamber to fire the 
injected fuel. Compression in these engines is kept low 
—approximately 150 Ib. per sq. in., and the jet issuing 














FIG. 9. CROSS SECTION OF GAMMA ENGINE SHOWS 
PECULIAR SHAPE OF COMBUSTION CHAMBER 


































from the spray nozzles is poorly atomized, if atomized at 
all. The practical advantage of the latter feature lies in 
the fact that the construction of the fuel pump may be 
light and simple. 

Figure 9 shows a cross-section of the Gamma engine. 
It is of the crankcase, port scavenging, 2-cycle type. The 
uncooled part of the combustion chamber is separated 
from the water cooled section by a ridge which, together 
with the location of the neck, prevents a rush of air from 
the cylinder directly striking the hot bulb B and cooling 
it excessively when, running at light loads. 

Fuel is injected in a solid stream through the nozzle 
N, and impinges against the water cooled plug located 
opposite. The jet is thereby finely divided, mixes with 
the surrounding hot air and ignites. The shape of the 
combustion chamber allows the engine to run at all loads 
without the aid of water injection or an expansion ring. 

















FIG. 10. SINGLE CYLINDER GAMMA ENGINE WITH BLOW 
TORCH FOR HEATING HOT BULB, SHOWN AT THE UPPER 
LEFT 


The air valves for crankcase scavenging are attached to 
the covers‘ They are made of leather disks backed by 
sheet steel and held in place by spiral springs. It should 
be noted that the air is not drawn in directly from the 
outside but comes from underneath the bed plate through 
channels in the covers, in order to lessen the cylinder 
noise. 

An isometric view of a Gamma engine is shown in 
Fig. 10. The different parts may be easily distinguished. 
The blow torch used for heating the hot-bulb when start- 
ing the engine is shown at the upper left. The governor 
shaft is driven from the crankshaft through bevel gears, 
actuates the fuel pump and the water circulating pump 
and is shown at the right. 
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Whaley Constant Pressure Oil 
Engine Presents New Features 


IL ENGINE practice has just witnessed several rad- 
ical changes in the usual design in the new Whaley 
engine invented by William B. Smith Whaley, designed 
by Charles A. Muller, and built by the Sun Shipbuilding 
Co. at Chester, Pa. 
Ninth of a series built during the past several years for 
the purpose of perfecting a new power cycle, it is de- 


scribed as a single-acting, four-cylinder, two-cycle oil en- . 


gine, designed to develop 750 hp. It is a vertical reversing 
engine, conventional in design, though following in many 
respects the best steam-engine practice. It is distinguished 
from other heavy-oil engines by the fact that the cylinder 
clearance, at the time of fuel injection, is opened by a 
piston valve to communicate with a static air receiver 
having many times the capacity of the cylinder clearance. 
The piston valve to the static receiver is open as long as 
the fuel is being injected. 

The Whaley engine has the usual form of port scav- 
enging supplemented by high-pressure scavenging and 
supercharging through the top of the cylinders. The last 
two operations are carried out with air at a pressure of 
about 45 lb. per sq. in. The air pumps for the super- 
scavenging and supercharging operation are contained in 
the lower part of the power cylinders. There is a supple- 
mental scavenging air pump formed in the upper part of 
the frame in which operates a piston placed on top of the 
crosshead. Two cylinders are cast in block with a valve 
chest between. The air from the pumps just described is 
used either in direct line or is transformed through the 
ports in the valve chest to the opposite cylinder. 


Arr CONTROLLED BY LinK Morion 


Air is controlled by piston valves, one working inside 
the other and both being actuated by links similar to 
those used on locomotives and reversing marine steam- 
engines. By this link motion the opening of the piston 
valves is made to synchronize to the period of fuel injec- 
tion in such a way that, for practical purposes, combus- 
tion takes place during the entire time that the valve is 


_ open. The practical effect in the operation of the engine 


will be that fuel will be supplied -to the point of cutoff of 
the piston valve, which will be open for the power neces- 
sity of the engine. The resultant diagram will, therefore, 
be similar to that of a steam engine so far as the admis- 
sion and point of cutoff are concerned. The main pur- 
pose of the clearance reservoir is to maintain the max- 
imum working pressure desired, which, in the case of the 
present engine, is 350 lb. per sq. in. As this is the normal 
compression pressure of each working cylinder, it is also 
the normal pressure for the receiver or reservoir. 
Under normal running conditions, no variation in pres- 
sure is expected no matter what the conditions of loading 
and fuel injection may be. In floating the receiver on 
the compression space, there will be but little transfer of 
air, heat or pressure through the valves. The receiver 
serves as an absorber in case of any rise in pressure in the 
cylinder through any cause whatever. By an ingenious 
arrangement of the valves, the compression space part is 
made to serve successively for the introduction of the 
super-scavenging and supercharging, and to establish com- 
munication with the reservoir or receiver during the com- 
bustion period. 
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NovEt Fur, Pumps anD VALVES 

Fuel pumps and fuel admission valves have a novel 
arrangement. The fuel pump is placed on top of the valve 
chest and is driven directly from the valve stem. The 
pumps deliver the charge of oil for each stroke directly 
into each individual fuel valve, no piping whatever being 
employed. The pressures are between 4000 and 8000 Ib. 
per sq. in. The action of the pumps synchronizes with the 
action of the valves, both being operated from the same 
valve stem, thereby assuring the maintenance of relation 
between fuel injection and duration of the valve opening 
to cutoff. Because of this construction, there will be 
practically no rise in pressure in the cylinders or in the 
system beyond that due to compression. 


FUNDAMENTAL ACTION SHows RADICAL CHANGES 


The fundamental action of the Whaley engine is en- 
tirely different from that of any of the present oil or 
Diesel engines. All other present-day engines operate with 
a trapped charge of air which is confined in closed com- 
pression space into which the fuel is injected, and there 
is always a rise in pressure after combustion takes place. 
In the Whaley engine, even early timing of the fuel ad- 
mission will cause no appreciable pressure rise above the 
capacity of the pressure valves into the receiver. 

Maintaining the maximum pressure to a definite fig- 
ure allows the carrying out of a program for the design 
of relatively light-weight oil engines. It is expected that 
the Whaley engine will weigh less than 100 lb. per hp., a 
figure which represents a substantial improvement over 
current practice. Also, due to the maximum pressure 
principle, the Whaley engines, for all sizes of power, can 
be built at approximately the same weight per horsepower, 
as is the case with the steam engines. This means that 
the weight of less than 100 lb. per hp. will apply to 
Whaley engines of all sizes. This feature will make the 
development of the Whaley engine much more valuable as 
an economic factor, the larger the units are built, espe- 
cially since with the present Diesel and heavy-oil engines, 
weights increase progressively as the power to be deliv- 
ered increases. 

Parish & Tewksbury, Inc., New York, has had execu- 
tive charge of this development since February, 1924. 


100-F't. Dam to Be Built for 


Destruction 


AISING $70,000 to build a concrete dam-so as to 
destroy it and. see what happens is a rather unusual 
procedure, but this is the very considerable undertaking 
in which a special committee of the Engineering Founda- 
tion is now engaged. The dam, about 100 ft. high, will 
be erected on Stevenson Creek, a tributary of the San 
Joaquin River, about 60 mi.-east of Fresno, Cal. It will 
have abutments excavated in the solid rock, will be 7 ft. 5 
in. thick at the bottom, tapering to 2 ft. at the 30-ft. level 
which thickness will be continued for the rest of the 
height. Upstream radius will be uniform at 100 ft. 
Testing an actual structure of this size to destruction 
is said to be something new in engineering effort and it 
is expected to settle science problems centuries old by the 
results. The dam will first be built to 60 ft. and after 
making a complete series of tests, additions will be made, 
10 ft. at a time, with tests made after each addition, 
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until a height of 100 ft. is reached. Water supply, under 
complete control, will be obtained from the main supply 
of the California Edison Co. through a conduit and will 
be independent of rain or snow fall. 

Special instruments will be prepared for measuring 
stresses, taking temperatures and noting the slight move- 
ments of the dam during construction. These will be 
carefully tested and calibrated by the Bureau of Stand- 
ards at Washington, D. C., before being taken to the dam. 
Foundations are now being prepared so that it is expected 
that placing of concrete will begin in October. The tests 
at the 60-ft. level are expected to take a year. 

Unusual co-operation has been secured, as the investi- 
gation is being made by the American Society of Civil 
Engineers in conjunction with the U. S. Bureau of Recla- 
mation, the states of California and Oregon, San Fran- 
cisco, Los Angeles County, power companies, irrigation 
districts, universities and individual engineers in America 
and Europe. 

Natural conditions are remarkably favorable, for the 
dam is to be in a rough, rocky gorge where no damage 
could result, if the dam should break under tests. Also 
ample water supply is at command, under absolute con- 
trol. As the size exceeds that of some existing arch dams, 
the results will be immediately applicable to practical con- 
struction and results will be useful in designing and build- 
ing other concrete structures, particularly other types of 
dams and arches for other purposes. 

Upwards of $100,000 will be spent in the course of 
the construction and tests, but the expenditure will be 
well repaid by the knowledge gained. 


Aid for Delivery of Fuel Oil 


T THE heating plant of the Great Western Power Co., 
located in the down town section of San Francisco, 
the storage supply for oil is such that it is necessary to 
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NO PARKING SIGN AIDS FUEL DELIVERY 


deliver a tank load of oil every 90 min. during the day. 
For the purpose of keeping automobiles from parking 
near the intake, special traffic signs have been installed as 
shown in the accompanying photo. 

One of the signs says “NO PARKING OIL INTAKE” 
and the other says “FOR OIL TRUCKS ONLY NO 
PARKING.” 
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Principles of Transformer Connections 


Part J. PRELIMINARY CONSIDERATIONS. 


ops OF MARKING TERMINAL 


ITH THE widespread use of alternating current in 
industrial electrification, it has become more and 
more necessary for the plant engineer to familiarize him- 
self with the principles and proper application of trans- 
formers. The numerous ways in which transformers may 


NOMENCLATURE. METH- 


Leaps. By V. E. JoHNSON 


high voltage and low voltage windipgs. The “transformer 
ratio” as defined above is evidently a constant for any 
given connection, while the “voltage ratio” varies with the 
load. This variation with load is comparatively small and 
is proportional to the “regulation” of the transformer. 
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ARROWS INDICATE DIRECTION OF 
INDUCED VOLTAGES. 
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FIGS. 1-5. DIAGRAMS OF TRANSFORMER WINDING SHOWING METHOD OF MARKING 


be connected complicates the problem and requires as a 
basis for intelligent engineering, a fairly broad under- 
standing of the underlying principles. 

It is the object of this article and others that are to 
follow, to discuss the proper connections of transformers 
under normal and abnormal conditions, and to point out 
the most desirable method of meeting requirements im- 
posed by my particular problem. 


NOMENCLATURE 

There are certain terms which apply to every trans- 
former and which must be defined. The standardization 
Rules of the American Institute of Electrical Engineers 
are clear and we can do no better than to quote from them. 

Due to the fact that the same transformer can be used 
to step the voltage either up or down, it is evident that the 
terms “primary” and “secondary” are not at all 
synonymous with “high voltage” and “low voltage” as 
applied to the windings. Therefore the Rules distinguish 
between them as follows: 

The terms “high voltage” and “low voltage” are used 
to distinguish the winding having the greater, from that 
having the lesser number of turns. The terms “primary 
and secondary” serve to distinguish the windings in re- 
gard to energy flow, the primary being that which receives 
energy from the supply circuit. 

Similarly, the term “ratio” can have two meanings, 
and the Rules refer to these as “voltage ratio” and “trans- 
former ratio,” the former being based on the ratio be- 
tween the primary and secondary terminal voltages, and 
the latter on the ratio between the number of turns in the 


“Regulation” is defined as the ratio of the rise of 
secondary voltage from full load to no load, at constant 
impressed primary voltage, to the secondary terminal volt- 
age at full load. For example, if in a certain unit the 
secondary voltage rose from 100 at rated load to 102 at no 
load (with constant impressed primary voltage) the regula- 
tion would be 2/100, or as it is commonly expressed, 2 per 
cent. 

Transformers are rated in kv.a. output, which equals 
for a single-phase unit volts X amp. -- 1000, and for a 
three-phase unit volts X amp X 1.73 — 1000. The kilo- 
watt rating would be obtained by multiplying either of the 
preceding fractions by the power factor of the load. The 
A. I. E. E. rules state that a “transformer must be capable 
of delivering the rated output at rated secondary voltage, 
while the primary is increased . to what- 
ever value is necessary to give rated voltage.” The amount 
of this “necessary increase” depends upon the regulation 
of the transformer. 


SINGLE PHAsE TRANSFORMATION 

The simplest case of single phase transformation is 
that shown in Fig. 1. The turn ratio is evidently 2000/100 
or 20 to 1. The rating of the secondary determines the rat- 
ing of the unit and is assumed to be 100 v. at 10 amp. or 
100 X 10 -+ 1000 kilovolt-amp. If the regulation is 2 per 
cent, a primary impressed terminal voltage of 2040 will 
be required to maintain full secondary voltage at the rated 
load. This corresponds to the definition previously given, 
for if the primary be kept at this value, and the secondary 
load removed, the voltage would rise to 102, an increase 
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of 2 per cent. The voltage ratio at full load is, by defini- 
tion, 2040/100, while at no load it is 2040/102 which is 
equal to the turn ratio. 

VoLTAGE RELATIONS AND POLARITY 


For the sake of clearness, Fig. 2 has been drawn, which 
shows the coils of a transformer placed in line on the same 
leg of the core and wound in the same direction. A flux 
flowing through the core will therefore affect both the 
primary and the secondary windings in the same manner, 
and will set up in them induced voltages in the relative 
directions indicated by the arrow heads, namely from P-1 
to P-2 and from S-1 to S-2. The induced voltage in the 
primary coil opposes the impressed voltage, so that it fol- 
lows that the latter must be in the direction P-2 to P-1 
or against the arrow points. 

The secondary load current would flow in such a direc- 
tion as to oppose the primary flux, or to state the matter 
more accurately, the primary and secondary ampere turns 
oppose each other. 

Assume for example that the primary coil and 
secondary coil are wound in opposite directions as in Fig. 
3. An. impressed voltage in the direction P-2 to P-1, 
would as before induce a voltage from P-1 to P-2,. and 
from S-2 to S-1. The secondary current would flow from 
S-2 to S-1 and the ampere turns would oppose the pri- 
mary. 

Comparing Fig. 2 and Fig. 3, it will be noted that in 
both sketches the induced voltages are in the same direc- 
tion in the half turns which are towards the reader, name- 
ly from top to bottom, and that the only essential differ- 
ence is the relation between the flow of secondary current 
and the lettering of the secondary leads. If the leads in 
Fig. 3 were reversed, or if the lettering were reversed 
(which amounts to the same thing) the two sketches would 
be identical. 

If the units above were to operate alone, the marking 
of the leads would be of no consequence, but when several 
transformers are to operate together, it is evidently im- 
portant that the operator know their meaning and use. 
Unfortunately there is no fixed rule concerning the mark- 
ing of leads on apparatus built by different manufacturers, 
or indeed on apparatus built by the same manufacturer, 
and this makes it necessary that the so called “polarity” 
of a given unit be known before the significance of the 
symbols can be understood. The Power Club and the 


A. I. E. E. have set certain standards concerning the defi- . 


nition of polarity and the principal manufacturers adhere 
to them. Therefore with a given set of markings and 
polarity, it is possible to connect two units with certainty 
that they will, if otherwise suitable, operate together. 

If P-1 in Fig. 2 were joined to P-1 in Fig. 3 and P-2 
to P-2, it is evident that the proper secondary connection 
would be made by joining S-1 in Fig. 2 to S-2 in Fig. 3, 
for this is the direction in which the currents would tend 
to flow. If P-1 were joined to P-1 as before, but S-1 were 
connected to S-1, a short circuit would result. 

In order to simplify lead markings, the Rules provide 


that the letter H be used to designate the high winding | 


terminals brought out of the tank, and that similarly the 
letter X be used to designate the external leads of the low 
voltage winding. To these letters, numbers are to be added 
(Hi, H2, X1, X2, etc.), and these are to be such that two 
units may be operated in parallel by connecting similarly 
marked leads together, provided, of course, that the other 
characteristics permit this. 
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The Rules further provide that this lettering and num- 
bering be so applied that when H1 and X1 are connected 
together and voltage applied to the transformer, the volt- 
age between the highest numbered X lead and the highest 
numbered H lead shall be less than the voltage of the full 
high voltage winding. Furthermore, when a transformer is 
so marked the polarity will be designated as “subtractive” 
when Hi and X1 are adjacent, and additive when H1 is 
diagonally located with respect to X1. The H1 lead should 
be brought out on the right hand side of the case when 
facing the high voltage side. 

Figure 4 shows a transformer having subtractive 
polarity, and marked according to the foregoing rules, 
while the unit in Fig. 5 has additive polarity. 

If the foregoing marking rules be applied to Figs. 2 
and 3, substituting H for P and X for S, it will at once 
be seen that Fig. 2 has its leads correctly marked, for if 
P-1 be joined to S-1 the voltage between P-2 and S-2 will 
be approximately equal to the algebraic sum of the pri- 
mary and secondary voltages, and that this will in this 
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FIGS. 6-9. TRANSFORMER DIAGRAMS 
Fig. 6. Method of testing for proper polarity. Fig. 7. Multi- 
coil windings of transformers arranged in various ways. Fig. 8. 
Transformer with single coil windings and with taps brought out 
on both high and low sides. Fig. 9. Unit having the high side 
tapped and low side arranged for series parallel operation. 


case be their arithmetical difference. For example, if P-1 
to P-2 be 2000 v. and S-1 to S-2 be 100, P-2 to S-2 will 
be 2000—100, or 1900 v., which (in accordance with the 
Rules) is less than the voltage of the high winding. If 
P-1 and S-1 were brought out of the tank as in Fig. 4, 
the polarity would be subtractive while, if the leads were 
crossed and brought out as in Fig. 5, it would be additive. 

If, on the other hand, a similar substitution of mark- 
ings be applied to Fig. 3 it will be seen at once that the 
Rules have been violated, for if P-1 be connected to S-1, 
the voltage between P-2 and S-2 will be the arithmetical 
sum of the coil voltages, or under the values assumed 
above, 2100 v. However, if H1 and H2 be substituted for 
P-1 and P-2 respectively, and X1 and X2 for S-2 and S-1 
respectively, the Rules will have been followed, and 
parallel operation can be obtained by connecting similarly 
marked leads in Figs. 2 and 3. 
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On transformers manufactured in accordance with the 
Rules, the nameplate contains full information as to the 
arrangement of the leads. The information is sometimes 
etched on a brass plate and at other times is contained on 
a blueprint mounted under glass or celluloid in a suitable 
frame. 

In the absence of proper name plate information as to 
the connections of a given unit, these may be determined 
by a test as follows. Assume a unit as in Fig. 6, having its 
primary and secondary leads unmarked. It is usually pos- 
sible to distinguish the high voltage and low voltage wind- 
ings by inspection, but if this is not possible a ratio test 
(using low voltage) will be necessary. The right hand 
high voltage lead, facing the high voltage side of the tank, 
should be marked H1 and the other lead H2. With a 
single coil primary this is all the marking required, but if 
there are several coils, or several taps, with external leads, 
tests must be made to determine their relation to one an- 
other. Under such conditions the right hand lead will be 
marked H1 as before, but the other end of the full wind- 
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would give say 2300 v. in series, and 460 v. in parallel. 
Figure 7 shows a number of typical multi-coil windings 
arranged in various ways. These are marked as being 
high voltage coils, but X could be substituted for the H 
without affecting the correctness of the diagrams. The 
leads in the diagram are marked according to the Rules, 
but if X is substituted it must be located according to the 
polarity of the transformer, assuming that all of them are, 
in both cases, external. 

Various operating conditions require transformers in 
which the primary or secondary voltage can be varied with- 
in small limits by means of taps which cut out a number 
of turns from either winding. These are referred to as 
voltage taps, and are specified in percentages of the full 
coil voltage, or normal line potential. Thus, a 2300-v. 
winding with two 5 per cent taps would give 2185 and 
2070 as operating voltages. With four 214 per cent taps 
the voltages would be 2245, 2185, 2130 and 2070. 

On single coil windings, the voltage taps may be 
brought out at either end, though it is customary to bring 
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Frias 10-13. METHODS OF BRINGING OUT TERMINALS. DIAGRAMS OF CONNECTION BLOCKS 


ing would be marked with H4, H5, etc., depending on the 
number of taps, the highest H number being the full 
winding terminal. Referring to Fig. 6 (a) would be 
marked H1, and (b) H2 (or a higher number). 

The adjacent terminals (a) and (c) should next be 
connected, and voltage applied to the transformer, either 
to the high or low voltage sides, depending on which is 
the more convenient. In the figure the source of power is 
shown connected to the high voltage side. The voltage 
from (a) to (b) should be read simultaneously with that 
between (b) and (da). If the former value is greater the 
transformer has subtractive polarity and the lead (c) 


should be marked X1. If the voltage from (b) to (d) ex-— 


ceeds that between (a) and (b) the polarity is —, 
and the lead (d) should be marked X1. 
Example: If voltage (a) (b) is 125 v. and lbige 
(b) (d) is 112 v. the lead (c) should be marked X1. 
Mu ti-Co1t WINDINGS AND VOLTAGE TAPS 


The previous discussion has dealt largely with units 
having single coil high and low voltage windings without 
taps. Commercial transformers are seldom built this way, 
as provisions are usually made for operation at two or 
more voltages on the low as 115/230, or for voltage ad- 
justment taps on the high side. By dividing either wind- 
ing into a number of coils arranged for series, parallel, or 
series-parallel, a-wide range of conditions may be met. 
For example a two coil winding in parallel would have a 
normal voltage of 6600, while in series the rating would be 
13,200. Similarly, a four coil winding, all in series, would 
give say 460 v.; all in parallel 115 v., two in series, in 
parallel with two in series, 230 v. A five coil winding 


half. of them out at each end, in order to maintain elec- 
trical and mechanical symmetry. In multi-coil windings 
it is necessary to bring them out in such a manner that 
the various sections may be operated in parallel, which 
necessitates that each section have the same number of 
taps. For example, a 2300/1150 v. winding with four 
214 per cent taps, would have two taps on each half. This 
would actually give two 5 per cent taps when connected 
in parallel, as 214 per cent of 2300 would equal 5 per cent 
of 1150. 

Taps are classified as “full capacity” and “reduced 
capacity,” the former being those on which the unit may 
be operated at rated kv.a. capacity. 

Figure 8 shows a transformer having single coil wind- 
ings, and taps brought out of the tank on both the high 
and low sides. The markings of the leads is in accordance 
with Power Club Rules. Figure 9 is a unit having the 
high side tapped, and the low side arranged for series 
parallel operation. Figure 10 shows the actual appear- 
ance of a transformer such as that in Fig. 9. The low 
side leads are connected as shown for three wire 110/220 
v. operation, and the load connected between the middle 
lead and the two outsides. 

Figure 11 shows a typical terminal block for a low 
voltage transformer. On high voltage units it is impos- 
sible to get sufficient spacing on a single block, and it is 
therefore common practice to bring the leads out to 
terminals mounted on impregnated wooden supports. Fig- 
ure 12 is an actual connection diagram used with a trans- 
former having a connection block as in Fig. 11, while Fig. 
13 is an actual diagram for a high voltage unit. 
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Principles of Power Factor Correction 


Use or SyncHronous CoNDENSER TO Cut Down Losses From 
UsELEss CURRENT IN THE System. By CuHas. G. GREEN* 


N ORDER to secure the greatest economy, both in first 

cost and operation of alternating current generators, 
transmission lines and connected motors, it is important 
that the power factor of the system be kept as nearly unity 
as possible. If we have a number of induction motors 
and transformers on the line, it is not easy to maintain 
a high power factor, as explained in the July 1 issue, 
page 701, especially if these devices are carrying light 
loads. 

As explained in the issue of Aug. 15, page 849, a syn- 
chronous motor, sometimes called a synchronous or ro- 
tary condenser, can be made to compensate, partly or en- 
tirely, for the effect of inductive apparatus in the circuit, 
by overexciting the field of the synchronous motor and 
causing what is known as condensive reactance which will 
neutralize the effect of inductive reactance. 


Cause oF UsELESS CURRENT 
Power factor, which is the cosine of the angle between 
the voltage and current in an alternating current circuit, 
is low when there is great difference in phase between the 
voltage and the current. The current is said to be out of 
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FIG. 1. USELESS CURRENT IS THAT FLOWING AFTER E.M.F. 
HAS REVERSED 


phase and is usually lagging. That part of the current 
which flows between the time when the voltage has dropped 
to zero and the time the current reaches zero is often 
called wattless current, but this is a misnomer, for there 
can be no current without electric pressure to force it 
along and energy will always be used up in overcoming the 
resistance of the circuit. 

In the case of wattless current, it is the e.m.f. of self 
induction which drives the current during the “wattless” 
period and power is used up in the circuit. It is not, 
therefore, wattless current, but useless current and the 
power used by it is wasted so far as doing any work is 
concerned. It puts extra and wasted load on the genera- 
tors without accomplishing anything useful and, in fact, 
reduces the capacity of the system for useful work. 

After the limit of a system for supplying and carry- 
ing current has been reached with a low, lagging power 
factor, installation of one or more synchronous condensers 
may be made to raise the power factor and thus make 
possible the delivery of more useful energy with the same 
current flow, by reducing the useless current or, in other 
words, by decreasing the lag between voltage and current. 
This is done by introducing a condensive reactance into 
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the circuit which opposes the inductive reactance, per- 
mitting the current and e.m.f. to vary more nearly in har- 
mony, as if there were little or no inductance in the sys- 
tem. The method and principle are more fully explained 
in the August 15th issue, page 849. 

Capacity or size of the synchronous condenser to be 
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FIG. 2. CONDENSIVE REACTANCE USED TO NEUTRALIZE IN- 

DUCTIVE REACTANCE, SYNCHRONOUS MOTOR UNLOADED 

FIG. 3. RELATIONS OF USEFUL AND USELESS ENERGY FOR 

SYNCHRONOUS MOTOR TO CORRECT POWER FACTOR AND 
CARRY MECHANICAL LOADS 


used should be determined from the conditions in the 
system and the results desired. 


S1zE oF CONDENSER NEEDED 


For example, suppose that a system is operating with 
a load of 360 kw. and power factor of 60 per cent and 
that we wish to install a condenser to raise the power 
factor to 90 per cent, the motor to carry no mechanical 
load. 

Dividing the power load, 360 kw., by the: power fac- 
tor, 0.60, gives the kv.a., 600, and the useless component 
is the square root of (600? — 360?) or 479 kv.a. In or- 
der to raise the power factor to 0.90, the capacity of 
condenser needed may be found as follows: 

With power factor 0.90, the apparent load or kv.a. 
needed to carry the useful load is 360 -- 0.90 or 400 kv.a., 
and the useless component will be the square root of (400? 
— 360?) or 173 kv.a. The condenser must supply the 
difference between these two useless components or 479 
— 173 = 306 kv.a. at power factor 1.00, so that the 
capacity should be 300 kw. 

If it is desired that the machine installed should carry 
mechanical load of 140 kw. in addition to correcting the 
power factor, it must have capacity to meet both require- 
ments. The total power component of the system is now 
360 + 140500 kw. The kv.a. for this component will be 
500 -+ 0.90 or 555.5 and the useless component is the 
square root of (555.5? — 500?) or 242.2 kv.a. The con- 
denser must then supply a useless component of 479 — 
242.2 or 236.8 kv.a. in addition to the power which it fur- 
nishes, 140 kw. Its rating must therefore be the square 
root of (140? + 236.87) or 275.2 kv.a., which would call 
for a 275-kw. synchronous condenser. 

In all the computations, round numbers and approxi- 
mate calculations have been used, hence closer figuring 
might show that a slightly smaller machine would serve 
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the purpose, but the method for determining the capacity 
would be as shown. 

Synchronous condensers, like synchronous motors, are 
best adapted for loads that are fairly continuous and 
steady. Frequent starting should be avoided. Loads most 
desirable are pumps, compressors, fans and the like, which 
are operated over long periods with slight changes. When 
starting up, it is advisable to carry only a part of the load, 
usually less than 1/3 of full load. 


Experience on the Road 
By E. L. Doty 


N CASE of accident or trouble on an electrical system 

the service engineer usually arrives on the scene after 
the trouble has occurred and he sometimes finds it extreme- 
ly difficult to determine the cause of the interruption or 
breakdown. Operators or attendants either do not know 
how the trouble started, or believe it wise not to tell what 
they do know or suspect. The engineer must, therefore, 
have imagination and ingenuity as well as skill in the use 
of testing equipment, for frequently there is little testing 
that can be done. 

Several years before protective relays had been de- 
veloped to guard against almost any possible abnormal 
condition in transmission and distribution circuits, a young 
engineer was detailed to investigate the cause of an acci- 
dent which proved, for a time, to be exceedingly puzzling. 
The representative of the operating company who called 
the service department on the long distance telephone was 
too much excited to be able to give a coherent statement 
concerning what had happened. He stated that lamps had 
blown out of sockets and that instrument wires had burned 
off, and reported that the plant was entirely shut down 
and that something had happened in the 60,000-v. trans- 
former station. 

Although the service department is not actually ubiqui- 
tous, an expert wireman who was within 10 mi. or so of 
this isolated plant, was instructed by telephone to secure 
an automobile and proceed to the scene of trouble im- 
mediately. An engineer was also sent from the district 
office by the first train. The telephone report received was 
found to have been in no wise exaggerated. Lamps had 
been blown apart and wiring had burned off. It seemed 
evident also that an abnormally high voltage disturbance 
had occurred in the power transformers. Tests determined 
that these transformers were not grounded nor short-cir- 
cuited and there had been no line failure. 

The operator stated that, although he was in the trans- 
former room when the “explosion” occurred, he was not 
switching the transformers in or out, and it was found 
that the plant had been operating very satisfactorily just 
before the accident occurred. The engineer not only did 
everything that seemed possible to determine the condition 
of the transformers but he examined the switching appa- 
ratus, the lightning arresters and other equipment that 
might by any chance furnish some clue to the cause of the 
trouble. He also questioned the operator in detail concern- 
ing events preceding, at the time of and after the dis- 
turbance but could*learn nothing upon which to base a 
conclusion. 

At the power plant 50 mi. or more away, the trans- 
formers were known to be connected delta low-tension and 
star high-tension, and those in this station on the receiv- 
ing end were connected star high-tension and delta low- 
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tension so there were possibilities of high voltage under 
certain conditions in case of a ground; but as far as could 
be discovered there had been no ground. 

Late in the day, the engineer was standing on top of 
one of the transformers speculating on the strangeness of 
the situation and making, from this point of vantage, a 
final survey of the station high-tension wiring, when his 
glance fell on the hook-stick used to operate the disconnect- 
ing switches located between the lines and the lightning 
arresters. This stick was standing in a corner and the 
afternoon sun was reflected from the funnel-shaped copper 
shield located well up on the stick, to which a grounding 
chain was connected. Some spots on this shield, that 
looked like burns, attracted the attention of the engineer 
and he immediately started to investigate. He found that 
the spots were holes burned through the copper shield, ap- 
parently by current. He tried the hook-stick in the dis- 
connecting switches above the low equivalent lightning 
arresters and then he saw the answer to his problem; for if 
the individual using the hook-stick was careless, the copper 
shield to which the ground chain was attached might come 
in contact with the spark gap at the top of the lightning 
arrester, about 4 ft. below the disconnecting switch and 
connected directly to it by a heavy wire. The burned spot 
in the shield fitted the spark-gap sphere perfectly —The 
Electric Journal. 


Self-Cleaning Water Screen 


SE OF LARGE volumes of condensing water from 
rivers and canals is an essential requirement in the 
operation of the modern steam power plant. In order to 











RUBBISH IS BROUGHT ABOVE WATER SURFACE BY ROTATION 
OF SCREEN 


remove floating leaves, twigs, fiber and other solids from 
the water, Messrs. Brackett & Co. have recently introduced 
a rotating screen. It consists, essentially, of a steel frame, 
made in the form of a disc and covered with a heavy wire 
screen. This disc is mounted on a shaft which is rotated 
slowly. Rubbish in the water is caught on the face of the 
screen and by the rotation of the disc it is elevated out of 
the water until it reaches the level of the cleaning jets 
where it is thrown off above a catch board and washed into 
a trough. 
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Detroit Edison Builds Switch 
Station in a Day 


AFTER SWITCHING STATION AT SUPERIOR Hypro 
Puant oF Detroit Epison Co. Hap BEEN 
DaMaGED BY LIGHTNING, A TEMPORARY OUTDOOR 
SWITCHING STATION WAs COMPLETED IN 26 Hr. 


WENTY-SIX HOURS after a bolt of lightning struck 

the 23,000-v. line leading from the Superior plant of 
the Detroit Edison Co., on the Huron River between Ann 
Arbor, Mich., and Ypsilanti, Mich., causing an explosion 
and completely disabling the station, the operating force 
and overhead lines department had completely restored 
service and had in operation a complete 23,000-v. out- 
door switching station to replace the damaged one. The 
story of how this was done, as told in the Detroit Edison 
Synchroscope, forms an inspiring tale of resourcefulness, 
sound engineering judgment and devotion to duty that 
should interest every power plant engineer. 





CAUSED EXPLOSION OF VAPORIZED 


LIGHTNING 
SWITCH OIL IN SUPERIOR SWITCH HOUSE, PRODUCING THIS 
RESULT 


FIG. : 1. 


Of the five hydro-plants of the Detroit Edison Co. on 
the Huron River, the one at Superior is the key plant, as 
switching connections are centered there and there is a 
120,000-v. stepdown substation fed by the lines from 
Trenton Channel and Marysville. 

At 7:04 p. m. on July 3, a bolt of lightning struck the 
23,000-v. line leading from Superior to Ypsilanti and 
the automatic oil switch on this line was unable to stand 
up under the duty imposed on it. The switch opened but 
failed to break the arc, which continued in its path, va- 
porizing the oil. The resulting explosion blew out the 
brick walls of the switch house, as much as 16 in. in sev- 
eral places, destroyed windows and doors, and broke con- 
crete bus structures and baffles. Other switches in the 
switch house tripped out automatically and the station was 
dead, stopping service to Ann Arbor, Ypsilanti and other 
towns.. Figure 1 shows the interior of the switch house 
after the accident. 

Under the direction of Superintendent Geo. E. Lewis, 
the work of restoring service was begun almost immediately 
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after the explosion. The hydro plants at Barton and Argo 
were loaded to full capacity, and power was supplied to 
Argo through another line, restoring service to towns west 
and north of Ann Arbor. Service was restored in the 
north half of Ann Arbor in 11 min. and in the whole 
city in about 30 min. 

Restoring service to Ypsilanti was a little more diffi- 
cult, since the paper mill hydro plant there was out of 
commission because its exciter is electrically driven; the 
Geddes plant also was involved in the trouble. By means 
of jumpers the Superior-Wayne line was connected to the 
north line from Superior to Ypsilanti and service was 











FIG. 2. TWENTY-SIX HOURS AFTER THE ACCIDENT, THIS 
TEMPORARY SWITCHING STATION WAS READY TO OPERATE 


resumed in Ypsilanti 2 hr. and 13 min. after the accident. 
TEMPORARY OvuTDOOR SwITcHING StaTIOoN Is PLANNED 

Meanwhile some of the linemen cut the Superior plant 
clear from all overhead connections and connected the four 
lines at this point together and to the 23,000-v. side of 
the 120,000-v. stepdown transformer. This provided plenty 
of power, but could only be regarded as a makeshift ar- 
rangement, since trouble on any one of the four lines 
would involve all the others. Accordingly it was decided 
to proceed with the construction of a temporary, outdoor, 
wood pole switching station, located next to the 120,000-v. 
outdoor substation, to replace the damaged Superior switch 
house. 

The plan was a bold one. The work would have to be 
carried on all night by the light of truck lights and lan- 
terns. It was no easy matter to round up the overhead 
line force, as many of them were just starting on their 
July 4th holiday. In spite of the willingness of the men, 
they were tired already, as they had then worked a full 
day with a couple of hours of emergency overtime. Equip- 
ment and material would have to be trucked from Detroit, 
40 mi. away; the next day was a holiday with supply 
houses closed and workmen off duty. There were no plans 
or blue prints and the design of the station would have to 
be a cut-and-try matter. In spite of all these difficulties, 
it was decided to go ahead, and work on the new temporary 
switching station was begun a little over two hours after 
the accident. 

Arrangements were made with the Detroit office to send 
out oil switches, line material, poles and a portable air 
compressor and drills to chip away old masonry that was 
found while digging holes for the poles. All through the 
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night of July 3, 60 linemen worked, erecting poles. Lum- 
ber for cross-framing was secured in Ypsilanti and timbers 
that had been used in shipping machinery and were stored 
at Superior were pressed into service. The linemen worked 
unceasingly, cheerfully abandoning plans for a holiday. 
Food and coffee were supplied and eaten standing. To- 
wards morning one of the linemen fell asleep while stand- 
ing up and eating a sandwich. But on the morning of 
July 4, 21 poles had been set, overhead framing was in 
place, pins and insulators set and copper bus wires and 
connections run. At 11 a. m. the first load of outdoor oil 
switches arrived from Detroit and 20 electricians, aided by 
20 men sent from Detroit, began putting them in place. 

Direct current for the solenoid-operated, outdoor oil 
switches was taken from a storage battery used in the 
adjacent 120,000-v. substation. A control panel was im- 
provised and erected under a shelter at the north end of 
the new structure. The work of erecting and connecting 
switches, control leads and panel proceeded rapidly all 
day on July 4. 

As completed, the new switching station consisted of 
eight switches, one between the 23,000-v. side of the 120,- 
000-v. substation and the new station, one section switch 
between the busses of the new station and five line switches. 
All these switches were operated from the control panel. 
The completed station appeared as in Fig. 2. Both of the 
illustrations used with this article were furnished by the 
Detroit Edison Synchroscope. 

Connection and testing of switches, filling of the tanks 
with oil and final adjustments were completed, and at 
9:38 p. m. on Saturday, July 4, the. operator at Superior 
reported to the system operator at Detroit that a new 
23,000-v. outdoor switching station was ready to go into 
commission to replace the switch house of the Superior 
hydro-plant that had been damaged by lightning at 7:04 
p.m. on July 3, 26 hr. previously. 


Standard Connections for 
Electrical Apparatus 


MERICAN ENGINEERING Standards Committee 

announces the approval as American Standard of a 
system of connections and markings for electric power ap- 
paratus. The standard is the result of a revision of the 
work of the Electric Power Club which has been developed 
over a period of years. The most important part of the 
revision, which has been carried out by a sectional com- 
mittee upon which all interested bodies are represented, 
under the sponsorship of the Power Club, has consisted in 
systematizing the work into a general plan which not only 
takes care of present needs, but also provides sufficient 
flexibility for future developments. 

Previously, great confusion existed, as each manufac- 
turer was using his own markings. The system as now 
elaborated assigns a characteristic letter to each type of 
connection. Subnumbers are used to differentiate between 
the various terminals of each class. These letters were 
- chosen wherever possible so as to conform to the practice 
of many years and cause as little confusion as possible for 
those who have to make practical use of the diagrams 
presented. 

The fundamental scheme is simple, and completely 
covered on a single page. The remainder of the standard 
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illustrates the methods of applying such markings to the 
more commonly used types of apparatus. These key dia- 
grams are intended primarily for the use of engineers and 
draftsmen in correctly placing the required marking on 
the working diagrams of connections or wiring and for the 
use of engineers and wiremen installing the apparatus. 
Some illustrations of actual working diagrams are given 
to show how these markings are used commercially. 

As only a relatively small part of the alphabet has been 
used, enough letters remain to cover any new varieties of 
apparatus that may be developed in the future. 

This standard represents the combined effort of a large 
number of engineers, and has stood the test of several years 
practical application on a large scale. This system of con- 
nections and terminal markings is being submitted to the 
International Electrotechnical Commission for adoption 
as an international standard. 


Measuring Strains in Concrete 
Structures 


SoME TIME ago the Bureau of Standards, Department 
of Commerce, brought out what is known as an “electric 
telemeter” for measuring changes in the length of struc- 
tural members produced by variations in the load upon the 
structure. The operation of the telemeter depends upon 
the variations in resistance to the passage of an electric 
current of a stack of carbon disks. This is the same prin- 
ciple as that employed in the microphone in the trans- 
mitter (the part we talk into) of the telephone. There is, 
therefore, nothing new in the principle employed, but the 
Bureau was the first to apply this principle to a precision 
measuring instrument. 

Recently a new use has been found for this device in 
the measurement of the strains in mass concrete. For this 
purpose a special cartridge has been designed which houses 
the stack of carbon disks and which is embedded in the 
concrete at the point where the measurement is to be made. 
Wire leads extend to the surface and are carried to some 
convenient point where the indicating instruments are 


placed. These instruments are calibrated to show any de- 


formation in the concrete due to loading. 

The instrument will shortly be used in an investigation 
which is to be carried out by a special committee sponsored 
by the Engineering Foundation on a dam to be erected at 
Fresno, Calif. 


Chlorination of Condenser Water 


Recentiy the Paterson Engineering Co., London, 
England, has introduced a new process for the chlorination 
of the cooling water used for condensers. It has been 
shown that the incrustation in the tubes was largely due 
to the presence of a micro-organism in the cooling water 
and that the deposit of practically all of the organic mat- 
ter in the water was the result of this situation. The addi- 
tion of one part of chlorine to three million of water has 
resulted in the reduction of the cost of cleaning the tubes 
by about one-half, as has been shown by systematic tests 
at the central station of the Borough of Hackney. This 
of course does not take into account the increased efficiency 
of the whole plant, which, it is said, has been quite notice- 
able. 
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Socketing Wire Rope for Hoisting and Hauling 


Free EnpD or Rove Is Arrancep to Fir Into TArerep Bore or Socket, Tuus 


EKQualizINc PULL ON STRANDS AND PREVENTING WeAr. By J. B. 


NGINEERS who are not familiar with hauling methods 
used in mines may be interested in the following ac- 
count of how mining’ men fasten wire rope in a socket, 
which in turn may be attached to a suitable hook or other 
fastening on a skip, car or any other load it is desired to 
hoist or haul. The same method may be used on elevator 
ropes and in many other ways for hauling and hoisting in 
the industrial plant and often in the central station. As will 
be evident from the discussion and illustrations, the object 
of socketing wire rope for haulage in this way is to equalize 
as far as possible the load on the various strands of the rope, 
to prevent it from untwisting and to eliminate a bight in 
the end of the rope which always causes trouble. The fol- 
lowing discussion takes up the methods used by the writer, 
employing both the closed socket and the leaf type open 
socket. 

For rope in any size up to 114 in. diameter, the writer 
would use a closed socket, made of best quality iron or drop 
forged steel, as shown in Fig. 2A. The length of the bar- 
rel should be about seven times the diameter of the rope 
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TONGS FOR BENDING STRANDS OF ROPE WILEN PRE- 


PARING END FOR SOCKETING 


FIG. 1. 


and the loop end about the same length as the barrel. . A 
slightly longer loop might be better, as it will allow the 
rope to pass through more freely. The bore of the small 
end of the barrel should be 1/16 in. larger in diameter than 
the rope and the large end of the barrel should be of a 
diameter that will give twice the area of the rope. The 
barrel should be machined inside or made on a good man- 
drel that will give an even taper. For bending strands of 
rope to attach this style of socket, the writer uses the tongs 
shown in Fig. 1. 

To socket the 114-in. rope in the closed socket, proceed 
as follows: 

First. Pass the rope end through the barrel of the 
socket as shown in Fig. 2B. From the free end of the 
rope, measure off twice the length of the barrel, as shown, 
and at this point serve good and tight with soft iron wire 
to hold the lay of the rope. 

Second. Open up the strands and cut out the hemp 
core as close to the serving as possible. Leave two strands 
full length and cut the other four back from the end % 
in., 1 in., 1% in. and 2 in., respectively. Tie all strand 
ends with strong twine as shown by dotted lines in Fig. 2B. 

Third. Catch each strand with the tongs at the point 
marked AB, which is about midway between the end and 
the serving, and turn each end inward. Treat each strand 
in this manner and tie each loop with small twine to keep 
in place. The finished end should now appear as in Fig. 
2C. ' 

Fourth. Pull this finished end back into the barrel, 
apply the load and the job is completed. 


PETRIE 


For ropes above 114 in. in diameter, let us take for an 
example a 15g-in. diameter flattened strand type rope. 
This rope is made up of six strands, with 14 large wires 
and 12 small ones and a core which in this type of rope is 
three-cornered. For this, the writer would use an open 
socket of the leaf type, machined to the correct taper both 
inside and outside, with three buckles machined on the in- 
side to the same taper as the socket and of a bore that will 
allow them to drive to their proper position. Construction 
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SHOWING OPERATIONS WITIL CLOSED 


SOCKET 


FIG. 2. DIAGRAM 


A—Closed socket is made of iron or drop forged steel, with 
bore of barrel tapered. B—Strands are cut to length, separated 
and served. C—Strands doubled inward produces tapered end 
to fit tightly into barrel. 


of this socket is shown in Figs. 3D, 3E and 3F. The buckles 
are made with lugs on them, as shown, so that they can be 
driven onto the socket, and the lower one may be drilled 
for attaching safety chains to the cage or car. 

To prepare the rope end for this socket, proceed as 
follows: 

First. Measure off from the end 174 
point serve with soft wire for about 3 in. 

Second. Unlay all six strands separately. Straighten 
out all wires and cut them as follows, the lengths being 
measured from the serving: Cut four large wires 5 in. 
long, four large ones 7 in. long, the three-cornered wire 


4 in; and at this 


» 


and two small ones 9 in. long, two large ones 11_in. long, 
four small ones 13 in. long, one large and six small ones 
15 in. long, and three large ones 17 in. long. The rope 
end should then appear as in Fig. 3A. 

Third. At point X, turn back all wires, laying them 
against the rope and spacing them evenly, to give regular 
taper, as in Fig. 3B. 

Fourth. Serve the rope end with strong iron wire as 
tight as possible and as many times as will be necessary to 
compress the turned wires solidly together and against the 
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FIG. 3. DETAILS OF LEAF TYPE OPEN SOCKET AND METHOD OF PREPARING ROPE END 


A—Strands are inlaid and wires are separated and cut as described above. B—Wires are turned back along rope at X 
to give taper. C—Taper is served with iron wire, finishing with spun yarn. D—Leaves of socket are opened, tapered end of 
rope put in and buckles hammered down until tight. E—Bore of socket is tapered for rope end and outside of barrel is tapered 


to fit buekles. F—Plan view of buckles. 


rope, one serving coming off as the other is going on. The 
final serving should be good spun yarn. The rope end 
should now appear as in Fig. 3C. 

Fifth. Slip the socket buckles in their order onto the 
rope. Heat the bow of the socket slightly so that it can 
be opened easily. Then fit it over the prepared rope end. 
Drop the buckles back’on the socket and drive them into 


place until all is solid, as shown in Fig. 3D. This com- 
pletes the job. 

For any other sizes of rope or for ropes made up -.of 
numbers and styles of wires different from the above, the 
lengths to be cut will be different but with a little calcula- 
tion these lengths and the sizes of socket can easily be 
determined. 


Lubrication of Ammonia Compressor Cylinders 


Discussion OF LUBRICANTS AND LuBRICATING MEetHops UsEp oN MOoDERN 
Typrs oF OPEN AND CLOSED AMMONIA Compressors. By RussELL J. NADHERNY 


EFRIGERATING ENGINEERS often take too 

lightly the problem of lubricating ammonia com- 
pressors, with the result that troubles occur which cannot 
be accounted for until the lubrication system and the lu- 
bricant used are investigated. ‘The requirements of am- 
monia cylinders from the standpoint of lubrication are 
entirely different from the requirements of steam or in- 
ternal combustion engines. The oil is not washed away 
as it is in steam cylinders, nor burned as it is in internal 
combustion engines, but remains in the cylinder a long 
time. In this respect there is a similarity between refrig- 
eration machines and air compressors; refrigeration cy- 
cles, however, are closed and the oil is held in the system, 
whereas in air compressors a certain amount of oil is car- 
ried away by the compressed air. The quantity of oil 
required for good lubrication is small and care should be 
taken not to use more oil than is necessary. 

The kind of oil to be used in ammonia compressor 
cylinders is governed largely by the operating pressures, 
temperatures and speeds, by the type of compressor, and 
hy the method of applying the lubricant. In all cases, 
however, an oil in order to lubricate ammonia compressor 
cylinders properly must not react with the refrigerant 
under existing conditions of pressure and temperature; its 
cold test should be low enough to resist congealing at the 
lowest temperatures encountered in the system and it 


must maintain a film on the rubbing surfaces under all 
practical operating conditions. 

For lubrication purposes, ammonia compressors may 
be divided into two groups: the open types, such as that 
shown in Fig. 1, in which separate-oils are used for cylin- 
der and bearing lubrication, and the enclosed types illus- 
trated in Fig. 3, lubricated by oil from the crank case. 

One method of lubricating ammonia compressors of 
the open type is by pressure or gravity feed through oil 
holes in the cylinder walls, located at mid-stroke. The 
pistons are usually designed to keep the oil holes covered 
through the length of their stroke, thus preventing the 
displacement of oil from the oil lines by the high-pressure 
ammonia gas. Oil holes exposed during a part of the 
compression stroke are provided with ball .checks. The 
number of oil holes is governed mainly by the size.of the 
cylinder. Another method of lubricating open types of 
compressors is that of admitting oil into the suction line, 
just ahead of the suction valves. The oil is finely atomized 
and carried by the flow of gas into the cylinder. All ex- 
posed surfaces, including the valves, are sprayed with oil. 
Many of these surfaces do not require lubrication and 
they merely accumulate oil, most of which is carried into 
the expansion coils by the ammonia gas, decreasing the 
heat transferring capacity of the coils. Oil that remains 
on the valve and cylinder surfaces not requiring lubrica- 
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tion is likely to gum unless it is of the highest quality. 
Gumming may cause sticking and improper seating of 
the valves, which affects the efficiency of the compressor, 
and eventually causes mechanical difficulties. The latter 
method of lubrication, even if functioning properly, is 
wasteful. Contrary to common belief, modern types of 
automatic valves require little, if any, lubrication. 

Lubrication of the piston rod is of great importance 
and is affected largely by the construction of the stuffing- 
box, details of which are shown in Fig. 1 and Fig. 2. A 
gas vent should lead as shown from the packing between 
the cylinder and the oil gland to the suction line or to 
some point outside of the compressor room. 

Enclosed types of compressors are ordinarily single- 
acting and the cylinders as well as the bearings are lubri- 
cated with the same oil. In the splash method of lubrica- 

.tion commonly employed, oil is distributed to the various 
moving parts by being thrown from the crank which dips 
into the oil held in the oil-tight crank case. With tight 
fitting piston rings, there is little danger of oil leaking 
past the pistons and finding its way into the expansion 
coils, where it would produce an insulating effect, thus 
reducing the efficiency of heat transfer. Some of the new- 
est designs incorporate full pressure lubrication, as shown 
in Fig. 3. 

Oils for the lubrication of ammonia compressor cylin- 
ders must be pure mineral oil containing no compound- 
ing, i. e., animal, vegetable, or fish oils. The fatty acids, 
which are almost invariably preseiit in the latter, react 
with ammonia to form soaps. Soaps when mixed with 
mineral oil give greases, but greases are not suited for 
ammonia cylinder lubrication. They cause unnecessary 
drag on the piston and are likely to plug up the valves 
and other parts of the system. In the refining process, 
oils should be highly treated and filtered to remove from 
them the unstable and objectionable constituents which 
aré chemically active and cause gumming. (ils should be 
neutral, as all acids react with the alkaline ammonia, form- 
ing salts. The flash point is not of great importance and 
need be only high enough to prevent losses from evapora- 
tion. Oil vapors will not burn in an atmosphere of am- 
monia gas, hence the dangers of explosions are negligible. 

Cold test requirements of ammonia compressor oils 
are governed by the operating conditions. Where suction 
pressures are above 15 lb. per sq. in. ga. an oil with a 
pour point of 0 deg. F. will be satisfactory. For suction 
pressure lower than 15 lb. per sq. in. correspondingly 
lower cold tests are required. Where the suction pressure 

















FIG. 1, FORCE FEED LUBRICATOR SUPPLIES CYLINDER AND 
STUFFING-BOX OF THIS OPEN TYPE COMPRESSOR 
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FIG. 2. DRY GAS VENT BETWEEN HIGH-PRESSURE AND LOW- 
PRESSURE PACKING RINGS IS PROVIDED IN STUFFING-BOX 


is around 5 lb, per sq. in. ga., oil with a pour point of 15 
deg. F. below zero is necessary. Lower cold tested oils are 
more desirable, though not essential. 

As to viscosity, the oil should be heavy enough to 
maintain a film on the friction surfaces without causing 
unnecessary drag on the moving parts, with a resultant 
loss of power. For ammonia cylinder lubrication alone, 
an oil with a viscosity of 100 sec. Saybolt at 100 deg. F. 
is well suited. Higher viscosities may prove better for 
certain types of compressors. That, however, can be best 
determined by making various tests. Where bearings and 
cylinders are lubricated with the same oil, it should have 
a viscosity of 150 sec. Saybolt at 100 deg. F. or higher. 
The higher viscosity is necessary because of high bearing 
pressures. 

On account of differences in construction of the various 
types of compressors, and the variation in operating 
conditions, it is not practical to make absolutely rigid 
rules for the lubrication of compressors in general, nor to 
specify any one grade of oil. 











FIG. 3. THIS ENCLOSED FEATHER VALVE COMPRESSOR HAS 
FORCED LUBRICATION FROM OIL PUMP DRIVEN BY CRANK 
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Construction Work at Isle Malinge Plant on Saguenay River 
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A—Part of crusher and concrete mixer plant. Crusher has 
u maximum capacity of 400 T. of 2-in. ring stone per hr. B— 
Spillway No, 4, in the right channel of Grand Discharge, show- 
ing one of the traveler cranes. C—Generator room will contain 
12 units, of which eight are now completely installed. Each 
generating unit will have a rating of 45,000 hp., making a total 
of 540,000 hp. When all units are installed this will probably 
be the largest single installation in water power development 
ever undertaken. D—Another view of Spillway No. 4, right 


channel of Grand Discharge. E—Partially completed power 
house and part of dam. F—Upstream face of dam, left channel 
of Grand Discharge. G—Close-up of one of the generators; the 
185-kw. exciter is mounted on the main shaft above the thrust 
bearing. The oiling system of each of these generators is self- 
contained and automatic in operation. Large brakes are pro- 
vided for four of the eight arms of the lower generator bearing 
bracket. The oil switches shown in the foreground were placed 
there merely during construction operations. 
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Saguenay River Furnishes 540,000 Hp. 


IstE MaticNE Hypro Prant Near Lake Sr. JoHNn, ConraINING 
TwELvE 45,000-Hp. Units, Witt Be CompLerep In JANuARY, 1926 


A’ ISLE MALIGNE on the Saguenay River, Province 
of Quebec, Canada, an installation of hydro-electric 
generating equipment, designed for an ultimate capacity of 
540,000 hp. is now being made, reputed to be the largest 
single installation in water power development ever under- 
taken. Eight of the turbo-generators, each of 45,000-hp. 
rating, are at present in place and the remaining four are 
partially installed. 

Isle Maligne is the last of a group of islands in the 
Grand Discharge, one of the branches of the Saguenay 
River, which leads from Lake St. John, about 100 mi. 
north of the city of Quebec. By grant of the Canadian 
Government, the Duke-Price Power Co., Ltd., which is con- 
structing the Isle Maligne plant, is permitted to utilize 
the storage capacity of Lake St. John between ordinary 
low water and ordinary high water. This storage capacity 
is estimated at about 187.1 billion cu. ft. 

In building this plant at Isle Maligne in a remote sec- 
tion with difficulties due to water and floods, careful plan- 
ning was necessary. The design and layout of the con- 
struction plant were given as much attention as the de- 
sign of the power house, according to a statement by W. S. 
Lee in a paper presented before the A. I. E. E. If this had 
not been done at Isle Maligne the large amount of work 
necessary could not have been done on scheduled time. 

Construction work on this project was begun in Decem- 
her, 1922, and the entire plant is expected to be completed 
by January, 1926. The first step in the work was the 
construction of a railroad about 11 mi. long from Isle 
Maligne to Hebertville, where it connected with the Cana- 
dian National Railway line. This line, laid on ballasted 
road-bed with 70-lb. rails, crosses the Bedard River and 
the right channel of the Grand Discharge at the foot of 
Isle Maligne. All bridges are of steel on concrete piers; 
the longest, at Isle Maligne, has two spans of 90 ft. and 
one of 220 ft. This railroad was completed and trans- 
portation begun across the bridge to Isle Maligne at the 
end of October, 1923. 

Work on the construction camp was begun as soon as 
the railroad was completed. Great care was exercised 
in the design and building of the construction camp, which 
housed and fed 1600. workmen, many of them with their 
families. The camp was made self contained, since the 
community is isolated, especially in winter, and has a 
store, bank, post office, hospital, school, a resident physi- 
cian and other facilities making for sanitation and comfort. 


Construction Work Was CAREFULLY SCHEDULED 

Progress schedules were made out for the construction 
work on the project, the time for beginning and finishing 
some of the operations being determined by climate and 
stream flow. In the Grand Discharge, 502,000 cu. yd. of 
concrete masonry were called for and in the Little Dis- 
charge 20,000 cu. yd. For the tail race and foundation 
work 320,000 cu. yd. of material had to be excavated. A 
track system was laid out, connecting with the railroad 
terminal, and containing 15 mi. of track leading to all 
parts of the job, thus eliminating job haulage by any 
other means. ' 

On the Alma shore near the double track bridge ‘across 
the Grand Discharge, the crusher and mixer plant was 


located, within easy reach of a sand pit and quarry, sup- 
plementing the stone supply from the tail race excavation. 
The crusher and mixer were also centrally located with 
respect to the largest spillways. The machinery for this 
plant is all driven by 2200-v., 60-cycle, 3-phase, slip-ring 
motors. 

Excavation work necessitated large quantities of com- 
pressed air. A portable 210-cu. ft. compressor, driven by 
an 8 by 8-in. gasoline engine and a 840-cu. ft stationary 
steam-driven compressor were used on the earlier coffer- 
dam construction. The main compressor plant, on Alma 
Island, 300 ft. south of the Isle Maligne bridge, consists 
of two 25 by 1534 by 18-in. compressors, each of 2033 cu. 
ft. capacity, driven by two 350-hp., 2200-v., 200-r.p.m., 
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SECTION THROUGH ISLE MALIGNE POWER HOUSE, SHOWING 
EXPANSION JOINT BETWEEN BULKHEAD AND SUBSTRUCTURE 


synchronous motors. Completely equipped machine shops 
and carpenter shops were installed, together with a saw 
mill, the latter having sawed 10,000,000 board feet of lum- 
ber up to the end of 1924. 

Electric power for construction work was brought in 
over a 44,000-v., three-phase transmission line, 40 mi. 
long, from the Chicoutimi hydro plant of Price Bros. & 
Co., Ltd., which is connected with the Saguenay power 
development. 

Concrete is delivered from the mixer plant in cars 
holding boxes of 4-cu. yd. or 2-cu. yd. capacity; these cars 
were run opposite the chutes and the concrete discharged 
direct to its final place in the forms. Five traveler cranes 
were installed for the construction of the power house 
bulkhead and for subsequent use on Spillway No. 4. 
Twenty-five hoisting engines of the double drum type are 
used on the various derricks, each one being driven by a 
100-hp., 440-v., 900-r.p.m., a.c. motor. Each spillway, 
except No, 2 and the middle channel of Little Discharge, 
is equipped with Stoney type steel regulating gates. 
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In constructing the power house, provision for expan- 
sion was made as shown in Fig. 1, the massive bulkhead 
structure being separated from the cut-up substructure 
containing the turbines by a longitudinal expansion joint 
and by transverse joints spaced 108 ft. apart. The power 
house itself is 720 ft. long and 163.5 ft. wide. At the 
upstream face of the power-house bulkhead is a rack 
of concrete and reinforced steel. Each intake is 16 by 
22 ft., and a rectangular butterfly valve is provided as 
shown in the section. This valve is actuated through a 
connecting rod raised and lowered by a 230-v., d.c. motor. 
Weather-proof push-button control is provided for each 
hoist on top of the bulkhead, with an emergency control 
at the power house bench board. Each turbine flume con- 
verges into a 22-ft. diameter opening ‘to the steel intake 
pipe, which is connected to the turbine casing by a plate 
steel stuffing box. 

Draft tubes are of hydro-cone construction. When all 
turbines are operating at 110-ft. head, the total discharge 
into the tail race will be 50,400 cu. ft. per sec., with a 
maximum velocity of 8.1 ft. per sec. 

T'welve vertical-shaft, single-runner, Francis-type tur- 
bines, having plate-steel spiral casings and operating at a 
speed of 112.5 r.p.m. are installed. Eight turbine units 
are now completely installed and all the parts which go 
into the concrete for the four additional units are in place. 
The range in head on these turbines is between 100 ft. 
and 120 ft. 

An individual governor system operating under an oil 
pressure up to 220 lb. per. sq. in. is provided for each tur- 
bine, and the piping is so arranged that the governors may 
he operated separately or as an interconnected system in 
units of four. The closing time for the governor for the 
full stroke of the servo-motors is three seconds. 


ELECTRICAL EQUIPMENT 


Kight generators, directly connected to the turbines 
now completely installed, have a continuous full load rating 
of 30,000 kv.a. or 24,000 kw., at 80 per cent power fac- 
tor, 13,200 v., three phase, 60 cycles, 112.5 r.p.m. They 
are guaranteed for a temperature rise not to exceed 55 deg. 
C.; the required exciter capacity is 185 kw. Each genera- 
tor is equipped with an upper and lower guide bearing. 
The thrust bearing on top of the generator is of the Kings- 
bury type and its housing is provided with water cooling 
coils. — 

Individual exciters, placed above the thrust bearings, 
have a full load rating of 185 kw. at 250 v. and 112.5 
r.p-m. and are guaranteed for a temperature rise not to 
exceed 40 deg. C. 

The oiling system of each generator unit is self con- 
tained and automatic in operation. Large brakes are pro- 
vided for four of the eight arms of the lower generator 
bearing bracket. 

The triple-pole, single-throw, oil circuit breakers are 
identical in construction and of the same capacity. ‘The 
rating of each circuit breaker is 3000 amp. at 15,000 v. 
and the guaranteed interrupting capacity is 65,000 r.m.s. 
amp. at 13,200 v. Direct current at 230 v., for the opera- 
tion of the mechanism, is furnished from a 25-kw. motor- 
generator set. 

On an extension of the mezzanine floor into the gen- 
erator room, between units No. 6 and 7, is the bench- 
board, of the continuous closed type, 40 ft. long. The 
auxiliary vertical board, containing recording ammeters, 
voltmeters, watthour meters and relays, is 16 ft. 4 in. long 
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and 7 ft. 6 in. high. The control circuits are for 230 v. 
and the lighting circuits for 115 v. 

For station use, there are installed two banks of trans- 
formers, located in the center of the high tension room; 


each bank consists of three 200-kv.a. single-phase trans- 


formers, stepping down the voltage from 13,200 to 550 v. 
Crane motors and the sixteen headgate hoist motors now 
installed, are using 230-v. direct current. The power for 
operating these motors is furnished by a 200-kw. motor- 
generator set. The three air compressors supplying com- 
pressed air for the governor system and the two air com- 
pressors for general station use are driven by alternating 
current motors at 220 v.; power is furnished through 
three 25-kv.a., single-phase, 550- to 220-v., step-down 
transformers. For station lighting the current is stepped 
down in three 25-kv.a., 550/110-v., single-phase trans- 
formers. 


Proper Supply of Spare Parts Aids 
Plant Operation 


SECURING AND MAINTAINING in the power plant an 
adequate stock of extra parts or “spares” is a problem 
that merits thoughtful consideration. This applies to all 
sorts and types of apparatus, whether it be steam, fas, 
ammonia, electrical or other class of equipment. When- 
ever a piece of new equipment is installed in plant, steps 
should be taken at once to determine just what are the 
wearing portions of the apparatus, just what are the parts 
that are absolutely essential to the operation of the same, 
and then place an order for those parts. Care should be 
taken to determine the correct quantity of each part that 
should be carried in stock. Determining factors to be 
taken into consideration are availability of the parts from 
the manufacturer, length of time required for shipment of 
the same, probability of necessity of replacement due to 
breakage or wear, quality of material, soundness of 
castings. 

Upon receipt of the spare parts a careful inspection 
should be made of them to determine their condition 
after shipment; check should be made to make sure that 
they are the proper parts ordered and that they apply to 
the particular apparatus for which they were ordered. In 
too many cases spare parts have been ordered promptly 
but upon receipt they have been left in the packing boxes 
unopened until the emergency arises at which time they 
are hurriedly opened and found to be unsuitable for the 
purpose intended. 

After having been unpacked and inspected each part 
should be tagged with information showing order number, 
firm, name of part, number or serial of part, date of re- 
ceipt, and name and number of machine to which the part 
belongs. 

All spare parts should be kept in one place, properly 
protected from the action of the elements and from acci- 
dental abrasion or breakage. At the time each spare part 
is used steps should be taken to place an order for dupli- 
cate shipment of the same in order to keep up the stock. 


STEEL TANKS used for the storage of water, fuel oil 
and other liquids should be emptied and thoroughly 
cleaned at least once every year. The accepted idea that 
this operation is not necessary in the case of fuel oil is 
erroneous and costly. 
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Worn Valve Discs Cause Sprinkler 
Troubles 


RecEnTLy, I inspected a sprinkler system which had 
been giving trouble, and found that the outside gong had 
rung at short intervals until it finally refused to ring at 
all; the electric alarm bell had followed the same tactics, 
the main line gathered moisture which continually dripped 
on finished and unfinished work, and a stream of water 
continually issued from the drip of the alarm valve. To 
cap the climax, at intervals this valve gave forth weird 


squeaks and groans which in the stillness of the night. 


were not exactly soothing to the watchman’s nerves. 

This matter had been called to the attention of the 
company originally installing the system, but their work 
had been unsatisfactory and even after several attempts 
at repairing, the same troubles continued. 

After an intensive study of the diagrams furnished by 
the company manufacturing the alarm and check valve, I 
felt that I was on the trail of the cause of all these diffi- 
culties. I took off the cover plate of the check valve and 
was delighted to find that my diagnosis was correct. 

This valve is double ported and the disc not only 
covers the entrance to the system but the end of a pipe 
leading out through the wall of the valve to the mechanism 
actuating the various alarms. The fit between this pipe 
and the secondary disc fastened to the main disc, must 
be as tight as mechanical skill will permit. But there are 
difficulties attending repairing and refitting when a leak 
is found. With the facilities of the ordinary shop, it is 
practically impossible to grind the disc and pipe together, 
so the disc must be removed and ground on a face plate 
or other flat surface. If it protrudes ever so slightly from 
its former position when reinstalled, it will prevent the 
check valve from closing entirely, thus there will be a mo- 
mentary flow whenever the pressure on the main is greater 
than that on the system, thus opening the port to the alarm 
valve and ringing the bells. 

My first attempt was only partially successful in that 
‘I still maintained the metal-to-metal contact and, although 
I took great pains, I could not grind them with a degree 
of precision sufficient to make a tight fit. I made consider- 
able improvement, however, the groans noticeably subsid- 
ing and the bells, which I had previously repaired, ringing 
only a few times a day. 

But I was not satisfied. I felt that I could end the 
troubles permanently. It occurred to me that a piece of 
thin sheet packing would have the resilience necessary 
not only to make a tight joint but to permit sufficient 
movement for the disc to seat itself. Following out this 
idea I was delighted to find that my idea was satisfactory 
and now all troubles are ended. 

Some time in the future this bit of packing may wear 
through, but it will be the work of only a few moments to 
put in another piece and it may wear indefinitely, as there 
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is little action except when the drip is opened for inspec- 
tion and when the pressure on the mains becomes greater 
than that already on the system. 

This rarely happens, for the pressure on sprinklers is 
that due to the maximum of some previous surge in the 
mains. The outside gong furnished a lot of work but no 
difficulties. The boss on the gong was worn down so that 
the striker barely touched it. The pin holding the impeller 
to the shaft was gone so that it merely turned, doing no 
work. Scale had lodged in the nozzle delivering water to 
the wheel and almost entirely closed the screen. The elec- 
tric alarm needed new batteries and readjustment. Pre- 
cipitation of moisture on the pipes ceased when the flow 
of water through them stopped, for with no movement, 
the water in them soon reached room temperature. 

Keene, N. H.. ArtHour H. PARKER. 


Spanish Windlass Gives Great Pull 
in Small Space . 


AttHouGH the so-called Spanish windlass has been in 
use‘ for generations, even yet there are mechanics and 
power plant operators who do not realize that this simple 
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IRON BAR USED AS LEVER TO TWIST ROPE PROVIDES MECHAN- 
ICAL ADVANTAGE IN LIFTING OR MOVING HEAVY WEIGHTS 
































improvised tackle is one of the most useful “kinks” in the 
power plant. I have seen men who were considered first 
class mechanics, held up on a job for the lack of a turn- 
buckle, screw-jack, pulley blocks, or a crowbar, when the 
use of this elementary appliance would have overcome the 
trouble. 

This device is made by a loop of ordinary rope as 
shown in the accompanying sketch. The loop is placed 
over the two pipes, a short lever is placed in the center 
of the loop and twisted. This shortens the length of the 
loop and the pipe will be raised to the desired height. 

The power that can be applied by using a short length 
of iron bar or a strong strip of wood is enormous, limited 
only by the strength of the rope used. 

It may be used in location where space is restricted, 
hence the reason for its frequent use on ships. ; 

Toronto, Canada. JAMES EK. NoBLE. 











Piston Ring Joints 

RECENTLY at a small machine shop I overheard a con- 
versation between the machinist and the customer about 
the placing of piston rings on the piston of a gasoline en- 
gine. The customer said he had broken several in trying 
to put them on, whereupon the machinist picked up a ring, 
holding it at points A, Fig. 1, and proceeded as shown in 
Fig. 2, the joint being put on first. The ring was then 
gradually opened and shoved down over the balance of the 
piston, thus expanding the ring gradually and evenly, the 
whole operation taking but a few seconds. 

On this subject of piston rings the writer has found 
that where the joint is cut as in Fig. 3, with fillets in the 
angles and the corners rounded as at B and C, it makes 
a good, leak proof joint. The fillet stiffens the tip of the 
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FIG. 1. SPREAD THE RING BY TAKING HOLD AT A 
FIG. 2. PLACE JOINT OVER PISTON FIRST 
FIG. 3. ROUNDED FILLETS AND CORNERS GIVE ADDED 
STRENGTH AND A BETTER JOINT 


ring so that it is not as liable to break as if the angles and 
corners were left square, and the steam leakage past the 
ring will be less than if the joint is made with the ordi- 
nary straight bevel. 

‘Texas. Tom JONES. 


Opportunities Outside the Power Plant 
for Operating Engineers 


ReEcENTLY there has been much discussion about the 
tendency of many operating engineers or chief engineers 
to complain that they had reached the end of the string 
in their plants. Mr. Thorn, writing in the August 15 
issue, tells of such a case, where Bill Smith was sure that 
the only thing that would save the day was more equip- 
ment. Jim Jones, replacing Smith, found, however, that 
by taking advantage of the opportunities offered, he was 
able to make the equipment already installed do the work 
easily. 

Dozens of cases of this kind may be found. On the 
other hand, there are many engineers who really have 
their own houses in order, and are looking for more worlds 
to conquer. They are getting the best results that can be 
obtained with the equipment at hand and have taken ad- 
vantage of every chance to make improvements in the 
power plant. 
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Such men are often capable of making studies in the 
plant, outside of the power plant, that will lead to sug- 
gestions for the most economical uses of process steam, 
current and various other appliances. This is a direction 
in which many chief engineers could work and show big 
savings. 

Not so many years ago, if a chief were to go to his 
superior, the plant superintendent or the general manager 
and suggest that a certain process could use exhaust steam 
instead of live, thereby effecting a considerable saving of 
money, he would have been told, “You trot on back to 
your power plant and pay attention to your own business. 
Your job here is to keep the supply of steam and current 
going as it is called for; and when you put the steam into 
the pipes and the juice on the wires, that’s enough! You 
don’t need to worry about how they are being used.” 

But such a day is past. The operating engineer or 
chief should have an opportunity to carry his knowledge 
and training out into the plant where his steam and cur- 
rent are being used and to suggest (even if his sugges- 
tions aren’t always carried out) changes that would save 
money for his company. 

We read of the mills where enormous-quantities of live 
steam are being used. in process work, such as textile and 
paper mills, while exhaust steam is being wasted to the 
atmosphere; or where condensing turbines are furnishing 
power that could be better furnished by non-condensing 
units supplying medium-pressure process steam; or even 
where power is purchased and process steam supplied from 
the boilers through pressure-reducing valves, when the 
power could be obtained for next to nothing by the use of 
the proper generating units. 

Even in the plants that use only small quantities of 
heat in process work, the engineer will nearly always find 
here and there live steam being used for heating a vat or 
a tub, where exhaust steam, fed through a larger pipe, 
would do the job quite as well, or he will find places where 
electric heat has been installed on the theory that “it’s out- 
of-date if it isn’t electric,” without regard to whether it 
might be the logical method of heating or not. Probably 
at the same time, exhaust steam has been blowing out 
through an exhaust head for 90 per cent of the year. 

All these are examples of glaring waste, not only 
waste of economic resources but waste of the firm’s good 


‘money and a needless sacrifice of profits. The man who 
y I 


can show the company how to increase sales by $100,000 
will be increasing the profits by only $15,000, or maybe 
$20,000; but the man who can show the boss how to elim- 
inate $100,000 of wasted expenditures has pointed the 
way to increased profits equal to that entire amount. “A 
dollar saved is a dollar added to the profits.” 

This is where the engineer can often take himself out 
of the operating class and put himself in a rank with the 
executives. Of course, he will often meet with opposi- 
tion from the managers or foremen of the plant depart- 
ments in which he suggests the changes. The foreman of 
the dyeing room, for instance, may state that he has tried 
exhaust steam and that it won’t work. Here is where an 
engineer has a chance to show both tact and ingenuity. 
One engineer, despairing of selling his idea to an obsti- 
nate foreman, put in a larger pipe to carry a sufficient vol- 
ume of exhaust steam, and then fixed a gage so that it 
would show 75 lb. pressure with exhaust steam. The 
dyehouse, after using low-pressure steam for a week with- 
out any difficulty, woke up to the fact, but it was too late 
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then to protest that exhaust steam couldn’t be used for 
dyeing. 

Of course, such tricks as that aren’t to be recommended, 
but the possibilities for saving money in similar cases are 
great enough to make it worth the engineer’s while to use 
every legitimate means to put his idea across with the fore- 
man concerned and with his boss. 

For the engineer who feels that there is nothing con- 
structive ahead, I should suggest a tour around the plant 
looking for such opportunities as these to make simple 
changes that will show attractive savings. 

North Glenside, Pa. W. J. Ristey, JR. 


Encourage the Ideas of Your 
Subordinates 


MANY engineers, even though having long experience 
with power plant problems, often get the wrong view. of 
matters pertaining to power generation and make the 
mistake of considering a certain problem of no signifi- 
cance, merely because they have never studied particular 
phases of the subject. In one plant the main power supply 
was furnished by a 1250-kw. condensing turbine with a 
water rate estimated at 20 lb. per kw-hr. There was also 
an elevator pump of the direct acting type, using steam at 
140 lb. pressure and exhausting into an open feed water 
heater, raising the feed temperature from 90 deg. to 200 
deg. F. No other exhaust steam being available except 
from feed pump and fan, the feed temperature was seldom 
higher than 130 deg. F. when this pump was not running. 
A motor driven, triplex plunger type of pump was used 
for the regular elevator service and the steam pump used 
as a spare. The latter was never used except when the 
electric driven unit was down for repairs. 

One day a rather lengthy shutdown for repairs was 
necessary and the steam pump was started. It was noted 
that the flowmeter on the boilers showed an increased flow 
of about 1000 lb. of steam per hour when the steam pump 
was running since its water rate was about 60 lb. per hp- 
hr., while current for the motor driven pump was gen- 
erated by the main turbine with 23 lb. per kw-hr. or 
about 15 lb. per hp-hr. The chief engineer urged the 
repairman to get the triplex pump back into service as 
soon as possible since he considered the cost of running 
the steam pump excessive. 

Now let’s see if it really did cost more than the electric 
unit. About 20 hp-hr. were required for the triplex pump 
and an additional 300 Ib. steam per hour had to be sup- 
plied to the turbine to run this pump. The boiler load 
increasing by 1000 lb. per hr. when the steam pump was 
started meant that it took 1000 lb. more steam to operate 
than the other unit or 4300 lb. per hr. in all. But this 
pump exhausted into the feed heater and all the exhaust 
was condensed by the feed water. Producing 20 hp. with 
1300 lb. of steam showed a water rate of 65 lb. per hp-hr. 
Since 2546 B.t.u. is the heat equivalent of a horsepower- 
hour, the heat depletion per pound of steam was only 39 
B.t.u. Now, since all the exhaust containing about 1154 
B.t.u. per lb. (1193 — 39) was returned to the boiler in 
the feed water, only 5.44 per cent of the steam flow to 
this pump may be charged against the operation of the 
pump. So the actual steam consumption was: 5.44 & 1300 
or 70.72 lb. per hr., which was equivalent to generating 
a horsepower hr. on 3.536 lb. of steam per hr. With 
coal at $7.50 per ton and a boiler evaporation of 8 lb. of 
water per pound of coal, operating 24 hr. a day, 300 
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days a year, the difference in operating costs may be 
shown as follows: 

(300 — 70.72) X 300 X 24 X 7.50 
= 773.82 





8 X 2000 
This shows that it actually cost $773.82 more per year to 
operate the electric unit than the steam pump. 

In another plant there was found a condition which 
likewise revealed the ignorance of the engineer. Two 
ammonia compressors of 15-T. capacity each were oper- 
ated day and night during the summer months for the 
purpose of supplying chilled water at 35 deg. F. for a 
manufacturing process. They were driven by two 35-hp. 
motors run at full load under the conditions of operation. 
The engineer in charge insisted that the suction pressure 
should not exceed 10 lb., while the condenser pressure was 
held at 180 lb. If it dropped, he throttled the condens- 
ing water valve till it again reached 180 lb. His idea was 
that with 180 lb. on the high pressure side of the system, 
more ammonia would expand in the coils. 

A new watch engineer coming into the plant wished to 
increase the water supply to the condenser, reduce the 
pressure to 150 lb. and have the suction pressure increased 
to 35 lb. which he said would reduce the power required 
to run the compressor. But the chief insisted that the 
ammonia had to be compressed to 180 lb. for the best 
results. He said: “The ammonia gets more chance to 
expand from 180 Ib. to 10 Ib. than it does between 150 lb. 
and 35 lb., therefore, we save ammonia by this method.” 

But after the chief left the plant in the evening, the 
new man having the night shift decided to operate accord- 
ing to his own ideas. After ascertaining that water tem- 
peratures below 35 deg. F. were not necessary, he decided 
that 35 lb. pressure in the expansion coils was not too 
high, since it gave a temperature in the coil of 22 deg. F. 
With the compressor taking gas at 35 lb. pressure, the 
capacity of one machine was as great as the two machines 
when operating at 10 lb. suction pressure and the con- 
denser pressure was reduced to 145 lb. by increasing the 
water supply. He regulated the expansion valve so that the 
suction line was frosted all the way back to the valve, 
whereas the chief had always kept the suction line free 
from frost, which resulted in a return of superheated gas. 

Since the power consumption was reduced in propor- 
tion to the reduction of head pressure and increase in 
suction pressure the current required to operate the refrig- 
erating plant was reduced by more than half. The amount 
of gas that a cylinder takes per stroke is proportional to 
the absolute pressure, so that after increasing the suction 
head from 25 to 50 lb. (10 to 35 gage) the capacity was 
doubled and the efficiency increased by reducing the clear- 
ance losses and supplying the compressor with gas at 
saturated temperature instead of allowing it to superheat. 

Springfield, Mass. A. F. SHEEHAN. 


THE REASON that the theatrical section of Broadway, 
New York, is known as “The Great White Way” is the 
number of electric signs which line it. Investigation shows 
that these signs use 1,095,841 electric lamp bulbs, and a 
special crew of 50 men makes the rounds of these signs 
nightly to replace burned-out lamps——N. E. L. A. 
Bulletin. 


Don’t EXPECT a steam line to stay tight unless the 
joints have been made properly and adequate provision has 
been made for expansion and draining. 
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Condenser Vacuum Falls Off 
Under Load 


WE HAVE, connected to our turbine, a barometric con- 
denser which has a 5%£-in. neck at the bottom of the cone 
and an 18-in. exhaust pipe connecting the turbine to the 
condenser. With 7%4-deg. inlet water and the turbine 
and piping cut off entirely from the condenser, we can get 
a 28-in. vacuum but, as soon as we connect the turbine and 
the piping to the condenser, vacuum will drop to about 
20 in., then slowly come up to about 26 in. When we 
start the turbine, the vacuum does not change and, run- 
ning up to a load of 300 kw. on a 375-kv.a. generator, the 
vacuum still stays at that point. The temperature of the 
water in the hot well reaches 92 deg., showing an increase 
from 74 to 92 deg. at a load of 300 kw. 

We have had two engineers from the turbine company 
look over our turbine and have had it overhauled com- 
pletely, so feel quite sure that it is all right. We also 
had a representative of the condenser people here and he 
felt that, as long as the condenser pulled a vacuum of 28 
in. which, as soon as the turbine was started, fell to 26 
in., it was due to air leaks. The turbine cover, however, 
was taken off, both the inlet and exhaust pipes filled with 
water and they showed no signs of leakage. The cover 
was put on and sealed up with powdered graphite. 

The condenser is rated at 1360 g.p.m. The genera- 
tor is rated at 375 kv.a., 80 per cent power factor, or 300 
kw., and the water rate of the turbine at that load is 
between 39 and 40 lb. of steam per kw-hr. Assuming 40 
lb., it would make a total of 12,000 lb. of steam per hr. 
passing through the condenser and dividing that by 60 will 
give us 200 lb. of steam per min. The ratio of water to 
steam on the condenser is figured at 55 and multiplying 
the 200 lb. by this figure gives us 11,000 lb. of water to 
take care of this steam. Dividing that by 8.3 gives a 
capacity of 1325 g.p.m. 

The best vacuum that we are able to get on cold 
water with the turbine shut off entirely is 2814 in., with 
the inlet water valve on the condenser closed, 13 turns out 
of a total of 16 required to close the valve entirely. When 
we are running our turbine, however, we have to increase 
the water, due to the fact that it would heat up and thus 


reduce our vacuum. Why can’t we get a higher vacuum? 
M. H. M. 


Boiler Repair Questions 
EXAMINATION questions given to applicants for posi- 
tions as stationary engineers in Massachusetts are often 
difficult and I wish to submit a few to readers for their 
answers. I am particularly anxious for information on 
boiler repair work, as I have been unable to find any books 

on this subject. The questions are as follows: 
1. How would you straighten out a corrugated bag in 
a boiler extending about halfway on each side of the first 
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and second sheets? The dimensions of the bag are ap- 
proximately 53 in. by 33 in. The job may be done with- 
out taking the water from the boiler and the inspector will 
allow 100 lb. steam pressure. 

2. This same boiler has three lugs along each side. 
Which lug carries the most weight? 

3. If the length of the boiler is 15 ft. 11 in. over all, 
and it is desired to install new tubes, what is the proper 
length to cut them? 

4, Which is the quickest way to put in a new top head 
in a vertical tube boiler of 48-in. diameter? 

5. If you were starting to retube three or four vertical 
tube boilers with about 300 tubes each and a repair gang 
was taking them all out, where would you start to put 
them in? How would you hold them in place? 

6. How would you test the check valve in the main 
return line of a gravity heating system? A. R. C. 


Indicator Cards Show Power 
Distribution 


As suUGGESTED by Messrs. Mason and Cultra, a dis- 
cussion regarding the cards published on page 713 of the 
July 1 issue would be of more interest and value to 
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FIG. 1. LOW AND HIGH PRESSURE STEAM CYLINDER CARDS. 
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readers if the low pressure cards had been printed. Ac- 
cordingly, I am sending a set of cards, together with a 
short description of the engine from which they were 
taken. This is a horizontal cross compound duplex blow- 
ing engine, size 25/52 by 54/54 by 48 in., fitted with 
automatic air valves, Corliss valves in the low and piston 
valves in the high pressure steam cylinders, both sides 
with double eccentrics. The air pressure is normally 15 
lb.; steam pressure, 150 lb.; 100 deg. superheat and a 
vacuum of about 22.4 in. of mercury, which is about 4 in. 
absolute at this altitude. 

As shown in Fig. 1, Card 1 is from the 25-in. high 
pressure cylinder; Card 2 from the 52-in. low pressure 
cylinder, and Card 3 from the 54-in. air cylinders, both 
of which give exactly the same card. Unfortunately, the 
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cards were not taken at the same time and as conditions 
vary greatly, the indicated horsepower will not check. Un- 
der normal conditions the low and high pressure sides 
balance at about 614-lb. pressure. The low pressure cutoff 
is controlled by hand so that the operator may vary it 
with the load or discharge pressure, which varies from 
12 to 17 lb. Cards 4 and 5 are included as a matter of 
interest and show the valve setting as left by the manu- 
facturer’s erecting engineer. 

Release is late on all cards, but the matter of lead and 
compression is open to discussion. The air cylinder is in 
tandem with the steam cylinder and should give sufficient 
cushioning to insure smooth running, regardless of com- 
pression in the steam cylinder. If we take the high pressure 
side, neglect the mechanical efficiency of the engine and 
assume Cards 1 and 3 typical, they will show, when super- 
imposed, the result illustrated in Fig. 2. The pressures 
from Card 3 have been multiplied by the cylinder ratio 
(54/25)? = 4.66, in order to make it comparable with 
Card 1. From this it is evident that during the first part 
of the stroke the steam cylinder furnishes more power 
than the air cylinder requires. This excess goes either to 
the low pressure side, which is 90 deg. ahead, or is stored 
in the flywheel. At about 42 per cent stroke, the steam 
cylinder is just carrying the air cylinder, while past this 
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PER CENT OF STROKE 


POWER DISTRIBUTION FROM HIGH PRESSURE 
CYLINDER 


FIG. 2. 


point the power deficiency must be made up from the low 
pressure side of the flywheel. With cards taken simul- 
taneously and the steam cylinders balanced, the steam ex- 
pansion and air compression lines will cross at about mid- 
stroke and the two cross hatched areas will be about equal. 
The small black area at the head end of Fig. 2 represents 
the work done by the air in expanding from the clearance 
volume of the previous stroke. This helps the steam cyl- 
inder and represents useful work. 

During the first part of the stroke, the steam cylinder 
is delivering power to the flywheel and the condition 
shown by position I in Fig. 3 results. Somewhere about 
midstroke this condition is reversed: and the flywheel be- 
gins pulling the piston as shown by II. This continues 
to the end of the stroke. If steam were not admitted to 
the crank end at this point, the piston would be reversed 
due to the expansion of air trapped in the clearance space. 
This movement of the piston in the reverse direction 
would continue until the crank end expansion line inter- 
sects the head end compression line at point A, Fig. 2, 
close to the atmospheric line, and at about 5 per cent of 
the stroke. Therefore, regardless of admission, the crank 
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would pass dead center without shock or jerk to the con- 
dition illustrated by III, since the change in position of 
the crankpin, from one side of the box to the other, is a 
rolling motion while the crank passes dead center. If 
admission occurred before 5 per cent stroke, the condition 
in III would continue until midstroke, but if delayed 
beyond 5 per cent the conditions would be reversed, as 
shown by IV, while the flywheel was carrying the load, but 
would assume the original condition of III shortly after 
admission. 

Friction and momentum will reduce the limit of 5 
per cent stroke considerably and in this engine the steam 
valves set without lead are designed to give full pressure 
in the cylinder at from 2 to 3 per cent of the stroke. The 
engine runs smoothly without knocking at any speed and 
it was not thought advisable to stop the engine to slip 
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the exhaust eccentric ahead until the engine had to be 
stopped for some other purpose, which may be a matter 
of two or three months. 

I am much interested in the matter of lead on engines 
of this kind as it is a subject which is always open te 
discussion. 


Clarksdale, Ariz. RicHarp H. Morris. 


Counterbore Prevents Shoulder 
Forming 


Wuart Is meant by the “counterbore” in the cylinder 
of an engine? J. H.C. 

A. Steam engine cylinders are counterbored for the 
purpose of preventing the formation of a shoulder in the 
cylinder wall. Were it not for the counterbore, into which 
the piston partly projects at the end of each stroke, the 
piston would not wear the cylinder walls their entire 
length and shoulders would be formed at each end of the 
cylinder. When the wear of the joints in the connecting- 
rod is taken up, the length of the connecting-rod is slightly 
decreased, and the piston is moved slightly towards the 
crank end of the cylinder. In this case the shoulder would 
cause an undesirable pounding of the piston. 


Barometric Condenser Tail Pipe Length 


IN A SIPHON or barometric condenser, why is it neces- 
sary to have the hot well 34 ft. below the condenser head? 
A. A. W. 

A. Ina siphon or barometric condenser, the hot well 
should be 34 ft. below the condenser so as to overcome 
the atmospheric pressure and thereby prevent the drawing 
of water into the engine cylinder. Theoretically, the pres- 
sure of the atmosphere is equal to the pressure exerted by 
a column of water 34 ft. in height. A perfect vacuum is 
never reached but it is well to allow a distance of 34 ft. 
in order to be safe. 
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Preheaters Have Earned Consideration 


Modern boiler practice has reached the point where 
further improvement is an effort to secure part of the 
proverbial last 10 per cent efficiency. Boiler tests have, on 
several occasions, resulted in efficiencies greater than 90 
per cent and in a number of plants the daily results of 
operation exceed 85 per cent over all boiler efficiency. Yet 
we are not satisfied. We want every heat unit in the coal 
we buy delivered into the steam which leaves the boiler. 

To get even a part of that last 10 per cent may, for a 
time, cost more than it is worth, nevertheless, if progress 
is to be made, the pioneers must pay the price of the ex- 
perimental work. If successful, nearly every improvement 
can be put on a commercial basis and thus reduced in cost, 
making it a profitable investment for plants that cannot 
afford to experiment. . 

This has been the experience with feed-water heaters, 
economizers, superheaters, stokers and nearly every other 
piece of equipment conceived and developed to increase 
plant economy. Now comes the air preheater as a means 
of preventing losses heretofore unavoidable, preventing 
furnace wall deterioration and improving combustion. 

Several types of air preheaters are now in use, as point- 
ed out on other pages of this issue, and have proved highly 
successful in a number of installations so that the experi- 
mental engineering stage has been passed and the prob- 
lem now remaining is that of making them more uni- 
versally profitable to install. 

Engineers can aid in this direction by giving more 
consideration to the preheater in their plant designs and 
plans for improvements. Its field of usefulness has not 
yet been clearly defined and, whether the engineer should 
rule for or against the preheater, becomes a distinct prob- 
lem for each plant. General improvement in the field is 
the outgrowth of individual successes. 


All in the Day’s Work 


Maintaining service under all conditions is the aim of 
every electric public utility company. The industry has 
educated the public to expect uninterrupted power and, 
as engineers all know, the average non-technical power 
user has little conception of the complication of men and 
material necessary to satisfy his demands. If service is 
interrupted by an accident, he seldom thinks of the long 
hours of overtime, the resourcefulness and ingenuity of 
executives and workmen in devising temporary expedients, 
the struggle with the elements, all forming a great epic 
of service. 

So, when a bolt of lightning wrecked the switch house 
of the Superior hydro plant of the Detroit Edison Co. not 
long ago, another opportunity was given for a demon- 
stration of the efficiency and sound engineering judgment 
of an organization that had been carefully trained to meet 
emergencies. The story of how service was restored in a 


brief period and how a temporary, eight-position, wood- 
pole, switching station was constructed in 26 hr., and on a 
holiday at that, is told elsewhere in this issue. Working 
in the night by the faint light of lanterns and truck head- 
lights, staggering with fatigue, cheerfully giving up their 
cherished holiday, these workmen showed that they 
recognized to the full the company’s obligation. 

Naturally, the people of the surrounding country that 
the system serves considered the accident an unusually 
serious one, although the company officials were not un- 
duly disturbed. The spirit of co-operation shown by the 
residents of the affected district was a splendid tribute to 
the understanding that this great company has built, up 
between itself and its customers. 

Then, too, in looking back over the progress of the 
work, no one is able to say that if certain things had been 
done instead of those that were done, the final result 
could have been attained quicker and better. This is an 
interesting comment on the resourcefulness of the men 
in direct charge of the work. 

It must not be imagined that the men who performed 
this feat considered that they were doing anything to win 
unusual attention. It was all part of the day’s work with 
them. Similar situations arise in many cases that are 
never heard of outside the organization that handles them. 
Our reason for making mention of this particular one is 
that it serves as a typical example of what the employes 
of a great public utility are expected to do in an emer- 
gency, without fuss or feathers, to maintain the service 
that the public has been educated to expect from the com- 
pany. An occurrence of this kind once in a while, incon- 
venient though it is for everyone, yet serves to show the 
public the stuff of which a successful public utility organ- 
ization must be made. 


Power Plants Should Help in Smoke 
Abatement 


In a recent statement the Fuels Division of the 
A. S. M. E. points out the need of closer harmony between 
all users of fuel, both commercial and domestic, if smoke 
abatement is to become effective. 

The American Society of Mechanical Engineers, the 
American Society of Heating and Ventilating Engineers, 
the Stoker Manufacturers Association and the American 
Civic Society are now co-operating in this work and one of 
the results of their efforts is the proposed Standard Smoke 
Ordnance published in the May, 1924, issue of Mechanical 
Engineering by the A. S. M. E. Reprints of this ordinance 
may be obtained through the secretary of this society. 

Foreign fuel consumers are even more interested than 
we in America. The British Smoke Abatement Society 
estimates the actual loss suffered in London through smoke 
at a million pounds per day. One of their statements, par- 
ticularly worthy of note, is as follows : “Even on fogless 
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days we allow sunlight of: infinite value to be intercepted 
by the pall of smoke which overhangs our great towns. The 
climax of absurdity is reached when we have to organize 
special sunlight treatment, in some cases with rays arti- 
ficially generated, in order to cure diseases caused by this 
unnatural darkness. The classic instance of Pittsburgh 
. proves that the evil can be remedied once a community is 
really alive to its seriousness.” 

Glance up at your own stack! Are you polluting the 
atmosphere and jeopardizing the health and happiness of 
the community ? 


Can a Coal Strike Be Justified? 


Recent wage study of the anthracite mining industry 
conducted by the National Industrial Conference Board, 
brings out some highly illuminating facts. This research 
covered 140 mines, representing about 90 per cent of the 
commercial production of anthracite and employing 92,- 
000 wage earners, or 65 per cent of the total number em- 
ployed in the anthracite field. 

With 1914 as the basic 100, wages in the building in- 
dustry are now 211, in manufacturing, 229, in railroads, 
241, and in anthracite mining, 292. In June, 1914, con- 
tract miners averaged $3.46 for a 9-hr. day. They now 
average $9.11 for a 744-hr. day. Their real earnings, that 
is, wages expressed in terms of purchasing power, are 
today 176 per cent of 1914 value, as against 145 per cent 
real earnings for manufacturing industries. 

1920 was the peak year for every industry except coal 
mining. During the buyers’ strike of 1920, every other 
wage earner endured a slump but practically no revision 
was made in the anthracite mining-industry and today 
wages in that field stand nearly 32 per cent higher than 
in 1920. 


What of the Future of Power Plants? 


Prophecy is at best liable to go wrong because of un- 
foreseen developments which throw even predictions based 
on a most careful analysis of past history and present 
conditions out of line. 

After noting power plant progress for the last 15 
years, and especially the great strides in combustion meth- 
ods, size of units and transmission effectiveness in the 
last five years, one might conclude either that we were 
approaching the limit in progress or that we are just 
getting started toward greater advances. 

It is interesting, therefore, to consider the conclusions 
reached by one who has made so careful a study of the 
subject that he was awarded a substantial prize by a 
committee of the ablest men in the industry as having pro- 
duced the best prophecy out of a large number presented. 

David Cowan of Montreal is the youngster who bested 
all competitors and who, by the way, is in the investment 
department of a life insurance company but has made 
a specialty of economics. He writes as of the year 1930, 
hence is predicting the progress of the next five years 
from 1925. 

Size of units, he thinks, will not have greatly increased, 
but stations will have grown to 600,000 kw. Steam pres- 
sures will have advanced so that 600 to 1000 lb. will be 
frequent, but higher pressures will be barred by the limit 
of safe temperatures for metals. Coal will still be the leader 
among fuels but 1 Ib. of coal per kw.-hr. will be common. 
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Powdered fuel will have become predominant for large 
plants using low-grade bituminous and anthracite coal 
and lignites, but the mechanical stoker will hold its own 
for good-grade bituminous, anthracite and coke breeze. 

While plants of less than 500 hp. will have largely 
disappeared, many factories needing 500 hp. or more will 
still find it economical to make their own power, par- 
ticularly where steam is needed for process work. Steam 
making by electric boilers will be used, even up to large 
capacities, where water power is abundant and surplus 
power is available during off-peak periods. 

Hydraulic development will have increased from the 
8,093,000 kv.a. of 1925 to 11,500,000 kv.a. by 1930, but the 
largest units will not be much over 70,000 hp. Many 
stations and of large size will be remotely controlled, 
making available power development distant from the 
systems which they feed. 

Long distance transmission voltages will have increased 
but little, but systems will be fully interconnected in each 
section of the country, one in the north east, one in the 
south east, one in the central west and one for the Pacific 
coast and Rocky Mountain section. This will have been 
made possible in part by working agreements but more by 
combination of many operating companies into one or- 
ganization through the formation of holding companies. 

Other predictions are made as to growth ofthe out- 
put, number of customers, capital invested, methods of 
financing and the questions of rates and public relations 
but they are not of immediate interest at this point. 

Showing the variation which may arise in deductions 
made from like data, analysis of the six papers leading 
in the contest shows a range of predictions, in some mat- 
ters rather wide, in others agreeing remarkably well: For 
energy generated in 1929, from 90,000,000 kw-hr. to 
72,000,000 ; for gross revenue, from $3,080,000 to $1,939,- 
380,000; for capital invested, from $12,000,000,000 to 
$9,450,000,000; for rated generating capacity, Jan. 1, 
1930, from 41,000,000 kw. to 23,200,000 kw.; for capacity 
of largest plant, from 823,500 kv.a. to 600,000 kv.a.; for 
largest steam units, from 100,000 kw. to 50,000 kw.; for 
largest hydraulic units, from 75,000 hp. to 70,000 hp. 

The most extreme operation conditions foretold by 
any of the six papers are: coal per kw-hr., 1 lb.; steam 
pressure, 1500 lb.; mercury boiler and turbine in wide 
use; transmission voltage, 380,000; farm use of electricity 
grown to be one of the best loads. 

Certainly, in all this there is no wild-eyed enthusiasm 
which has overborne sane judgment. At the present time, 
steam units of 60,000 kv.a. are in use and 80,000 kv.a. on 
order; several plants of 750,000 kv.a. are already planned 
and completion expected before 1930; hydraulic units of 
70,000 hp. are now delivering current; energy output for 
1924 was practically 60,000,000,000 kw-hr.; capital in- 
vested in 1925, $6,600,000,000 with nearly $580,000,000 
increase during the year. 

This growth, as discussed, is for central stations only 
and, as has been previously pointed out by Power Plant 
Engineering, there has been no slowing up in growth of 
individual plants during the last 10 yr., but growth 
of the central stations has been much more rapid than 
that of isolated plants due to increase of demand for cur- 
rent for domestic use and for small industries. 

Viewed from any angle, the outlook for the future 
of the power plant industry seems most promising and 
electricity is utilizing steam,—not displacing it. 
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Unit Pulverizer Constructed 
with Five Stages 


NIT PULVERIZERS developed recently by the 
Grindle Fuel Equipment Co., a subsidiary of the 
Whiting Corp., are so designed that tramp iron and other 
foreign substances are removed from the coal which is 
then pulverized to a fineness suitable for furnace firing. 








i; 1. FEEDER MECHANISM IS BELT-DRIVEN FROM TIII: 
PULVERIZER MOTOR 


The feeder consists of a cast-iron housing, supported in- 
dependently from the pulverizer but operated through a 
worm and gear by means of a belt from the pulverizer 
shaft. 

Coal is chuted to an endless belt in the feeder. This 
belt travels over a magnetic pulley, thus removing tramp 
iron and depositing it in a box, which is readily accessible 
for cleaning. The coal passes over the magnetic pulley 
and through a chute from the feeder to the first of five 
stages in the pulverizer, which is of the vertical-shaft 
type. The rate of coal feed is regulated by means of a 
cam and ratchet device which changes the speed of the 
endless belt. The bee-hive housing of the pulverizer is 
made of cast iron and the rotor is made of cast steel. Cast 
steel beater holders are pivoted to the steel-plate discs and 
are free to swing 90 deg. to either side. The beaters are 
manganese-steel castings which slip onto the beater hold- 
ers. Pulverizing rings, which are bolted to the bee-hive 


housing, are corrugated and made of high carbon, open- 
hearth steel. Below the pulverizing zone are fan blades 
for blowing the coal from the pulverizer. The entire 
rotor, including discs, beaters and fan blades, is fastened 
to a steel shaft, which is direct connected through a flexi- 
ble coupling to an 1800-r.p.m., vertical-type motor. Grav- 
ity lubrication is obtained by means of a sight feed oil 
cup, which furnishes oil to the top bearing, the oil then 
dropping to the lower and thrust bearings. Placed oppo- 
site the top disc, to catch foreign material such as iron 
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FIG. 2. COAL FALLS TO THE FIRST OF FIVE STAGES 


pyrites, stones, wood and brass, is a cast-iron pocket. A 
vertical hand hole, 6 in. wide by 15 in. long, in the bee- 
hive housing gives ready access to the beaters for replace- 
ment. A complete set of beaters can be replaced in from 
15 to 20 min. 

Operation of the pulverizer is as follows: The coal 
slides down the chute from the feeder and falls on the 
top disc of the pulverizer and is immediately thrown out 
against the corrugated pulverizing rings. On the rebound, 
the beaters strike it, pulverizing it fine enough to pass 
down to the next stage and so on until it reaches the 
discharge chamber. The clearance between beaters and 
rings is such as to give proper pulverizing action and yet 
eliminate wear on the pulverizing parts when the machine 
runs empty. 

The pulverizer itself furnishes air at high pressures 
and low volumes, making it possible to blow the coal 
through small diameter pipes to the furnace, where addi- 
tional air for combustion can be supplied. The pulverizer 
can be equipped with an exhauster fan wheel of sufficient 
capacity to furnish all the air necessary for combustion. 
In most cases a separate supply of combustion air is 
deemed more practical. 
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New Recording Pyrometer 


ANY features are incorporated in the new recording 
pyrometer recently developed by The Brown Instru- 
ment Co. This new recorder has a die cast black enameled 
aluminum case. It is built to make a single record, a 
duplex record with two records side by side, or in multiple 
form to produce as many as 12 records on one chart. 
It operates on the principle in which a pointer swings 
freely and, at intervals of every 30 sec., is depressed on a 
carbon or inked ribbon producing a mark on the chart. 





FIG. 1. NEW BROWN RECORDING PYROMETER WILL MAKE AS 
MANY AS 12 RECORDS ON ONE CHART 


These marks are so close together as to form a continuous 
line. The marking ribbon and chart last two months be- 
fore renewal is required and no inking is necessary. The 
marking ribbon is above the paper so that the mark is pro- 
duced on the front side of the paper where it shows clearly. 
The ribbon in the single and duplex recorder is moved back 
after each mark on the chart, disclosing the last impres- 
sion so that the record is clearly visible immediately after 
it is produced. A platen is supplied on which notes can 
be recorded on the chart with pen or pencil. A glass knife 
edge is also furnished for tearing off the paper, being 
located directly below the driving roll. The paper can be 
torn off 2 hr. after the last impression is made. For ex- 
ample, a complete record for the previous 24 hr. and end- 
ing 6:00 a. m. can be torn off about 8:00 a. m. 

Galvanometer and the recording chart mechanisms are 
carried on a hinged frame. When swung aside, the gal- 
vanometer is readily accessible. In addition to recording 
the temperature on the chart, an indicating scale is pro- 
vided with large figures legible at a considerable distance. 
The chart has rectangular co-ordinates. The time lines are 
straight across the chart. The recorder is driven by an 
electric clock if alternating current is available. Six re- 
corders consume only the current required by an ordinary 
25-watt incandescent lamp. Where alternating current is 
not available a hand-wound clock can. be supplied. 
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Chart speed can readily be changed and is supplied 
for a number of combinations. The standard chart speed 
is 1 in. per hr. but by reversing two gears a speed of 4 in. 
per hr. is obtainable. Speed combinations are available 
from 14 in. per hr. to 6 in. per hr. With a standard chart 
speed of 1 in. per hr. about 12 hr. of chart is visible through 
the front of the case. A reroll attachment is furnished 
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FIG. 2. RECORDER OPENED TO SHOW ASSEMBLY 
where desired to roll up the chart automatically over a 
long period of time. 

As a multiple recorder, this. instrument incorporates 
an automatic switch with gold contacts mounted on bake- 
lite and immersed in oil which prevents tarnishing of the 
contacts from corrosive gases in the atmosphere. The mul- 
tiple recorder switch includes a dial with index for indicat- 
ing the number of the thermocouple or furnace which is 
being recorded at the time. The record lines are made in 
different color combinations on the chart and the switch 
dial is numbered and colored to correspond. 


New Encianp Power Co., with headquarters in Wor- 
cester, Mass., has started work on a second dam across the 
Deerfield River, 5 mi. south of the big Whitingham dam. 
The new dam will be much smaller than the Whitingham 
dam and will be located near the State line at Monroe 
Bridge, Mass. It will have a fall of 78 ft. to an automatic 
power house where the electrical development will be 9000 
kw. The plant at Whitingham generates 45,000 kw. The 
reservoir of the new dam will set the water back the en- 
tire 5 mi. to the tail race of the present Whitingham de- 
velopment. As in the case of the Whitingham dam, the 
new dam will be of earth construction. 
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Recording Smoke Detector 


NSTANTANEOUS indication and a graphic record of 
the density and duration of all smoke produced by the 
boiler to which it is attached, is the claim made by The 
Engineering Corp., Long Beach, Calif., for its new Kings- 
bury recording smoke detector. The complete instrument 
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FIG. 1. SECTION OF SMOKE DETECTOR ELEMENT, SHOWING 
METHOD OF SUPPORTING AND INSULATING ELEMENT 
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FIG. 2. 


consists of an element inserted in the boiler flue, a trans- 
former, a lock switch, and an indicating and recording unit 
of the switchboard type. The element shown in Fig. 1 
consists of two plates placed in the primary circuit of the 
transformer and mounted so that the flue gas will pass 
between them. 

Conductance between the plates of the element increases 
as the density of the smoke passing between them and 
causes a flow of charging current in the secondary circuit 
of the transformer, which is indicated and recorded in- 
stantaneously by the indicating and recording unit. Fig- 
ure 2 shows the method of installing the device. 

Application has been filed for patents covering the prin- 
ciple and design of the Kingsbury recording smoke detector. 
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Soot Blower Element With- 
stands Temp. of 2000 Degrees 


ONSTRUCTION of the Marion Machine, Foundry 
& Supply Co.’s type “EB” soot blower is such that 
the blowing element passes through a wall box which is 
stationary in the furnace wall and is fastened to the rota- 
ting members with set screws. In operation, the revolving 
parts rotate around a stationary brass tube, screwed into 


CAST-IRON YOKE IS SECURELY FASTENED TO THE GOOSENECK 


the gooseneck. A cast-iron yoke, securely fastened to the 
gooseneck with set screws and firmly anchored to the wall 
box, holds the blowing head and prevents it from working 
loose from steam thrust. Stops and an indicator on the 
sheave wheel permit the operator to regulate the blow- 
ing are, preventing steam jets from striking against the 
baffles and furnace walls. 

Elements for the hot passes are made of Marion Hi- 
temperature Special alloy and resist oxidation up to 220 
deg. F. The elements are fitted with internal welded noz- 
zles, venturi type, so spaced that the steam jets strike di- 
rectly between the tubes of the top row. The nozzles, being 
welded inside the elements, do not catch on bearings, 
should it be necessary at any time to remove them from 
the boiler setting. Being welded, they become integral 
with the element and will not become loose from oxidation. 
The element is revolved by a sprocket chain. This soot 
blower is equipped with Valve-in-head. The valve and 
valve seat are located in the top flange of the gooseneck. 
A lever, situated on the riser pipe in convenient reach of 
engineer, operates the valve. When ready to blow, a 
downward pull of the lever releases steam, cleaning the 
tubes and driving the soot and fine ash up the stack or 
into the combustion chamber. An upward thrust of the 
lever immediately closes the valve. 


ORNAMENTAL wrought iron flower baskets have been 
placed on the poles carrying the “white way” street lights 
at Camden, Me., through the work of Mr. and Mrs. 
Edward W. Bok, summer residents of Camden. These 
baskets are filled with flowering plants and hanging vines 
similar to the ordinary house basket and the Garden Club 
of Camden, of which Miss Teresa F. Arau is president, 
details members of the club each week to see that the flow- 
ers are watered. 
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Robert W. Larkin of National 
Engineer Is Dead 


OBERT W. LARKIN, for twenty-five years man- 

ager of the “National Engineer,” died at his home in 
Chicago on August 15, 1925. While Mr. Larkin had 
been in ill health for some time and had suffered three 
strokes, his-death came as a shock to his many friends and 
associates. 

He was born in Dublin, Ireland in 1865 and upon com- 
ing to America in 1887 established himself at once with 
the Chicago Title and Trust Co. in Chicago. Some two 
years later he undertook the publication of the “National 
Engineer.” His unusual ability and forceful character 
was soon recognized by the National Association of Sta- 
tionary Engineers and during his long association with 
the society earned an enviable reputation for sincerity and 
integrity. Besides his connection with the N. A. S. E. 
he was a member of numerous political and religious or- 
ganizations. He is survived by a widow, two daughters and 
three sons. 


Coal Distillation for Lakeside, 
1200 Lb. for Green Bay 


XTENSIVE expansion programs have been laid out by 

the Milwaukee Electric Railway & Light Co., Milwau- 
kee, Wis., which is controlled by the North American Co., 
according to a recent announcement. An agreement has 
recently been signed by the North American Co. by which 
the International Combustion Engineering Co. of New 
York will install its equipment for low-temperature dis- 
tillation of coal at the Lakeside plant of the company at 
Milwaukee. 

This will be the first installation of this method of 
low-temperature distillation system in America, it is stated. 
It has been perfected after more than two years of experi- 
mentation at the Lakeside power plant by John Anderson, 
chief engineer of the Milwaukee company and engineers of 
the International Combustion Engineering Co. The initial 
plant to be installed at Lakeside will provide for the treat- 
ment of at least 210 T. of coal a day, which is about one- 
fifth of the plant’s present coal requirements. The coal is 
pulverized before being heat-treated and the oils, gas and 
other residuals are recovered under low temperature. This 
leaves the coke in such form that it can readily be burned 
in a pulverized-fuel furnace. In fact, it is claimed that it 
can be burned with certain advantages over the burning of 
pulverized raw coal. 

The Milwaukee Electric Railway & Light Co. is also 
planning the construction of a generating station near 
Green Bay, Wis., at a cost of $2,000,000, which will use 
pulverized fuel combustion equipment and a steam pres- 
sure of 1200 lb. It is proposed to connect the Lakeside sta- 
tion, the new Green Bay station, and the hydro-electric 
plants of the Peninsular Power Co. near Iron Mountain, 
Michigan, by a 250-mi., 132,000-v. steel-tower transmissiqn 
line. 

At the plant of the Wisconsin Traction, Light, Heat & 
Power Co., another subsidiary of the North American Co., 
at Appleton, Wis., changes and improvements are being 
made according to the designs of John Anderson, to enable 
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the plant to burn pulverized fuel. It is not planned, how- 


ever to utilize exceedingly high pressures here, as the steam 
conditions are determined by other factors. 


Regulator Valve to Avoid 
Seat Cutting 


N THE Boylston pressure regulator, a new type of 
valve disc and seat have been used, so designed as to 
throw any cutting from flow of steam, while the valve 
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is partly closed, to the body of the disc and away from 
the seat. Figure 1 shows the construction, the seat and 
bearing part of the disc being flat. The projection on 
top of the disc makes the area between this projection 
and the inside of the seat ring less than that between the 
dise and the seat so that wiredrawing takes place after 
the steam, which flows up through the valve, has passed 
the seat and wear takes place on the sides of the pro- 
jection. 


FIG. 2. IN 5 YRS’. USE, CUTTING TOOK PLACE AS SHOWN 


Shape of the disc also throws the flow of steam away 
from the seat as it enters the throat, thus relieving the 


seat of wear. Pulsating and chattering are avoided for 
the flow through the throat is governed by the shape of 
the projection on the disc, not by the opening between 
the dise and seat, so that a dash pot is found unnecessary. 

Figure 2, taken from a regulator in constant use for 
5 yr., shows how the wear actually takes place. It was 
taken from a No. 205 pilot pressure regulator made by 
the Boylston Steam Specialty Co. 
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Fourth National Power Show 


ROM November 30 through December 5 will be held 

at the Grand Central Palace, New York, the fourth 
annual exhibit of the National Exposition of Power and 
Mechanical Engineering. This differs from exhibitions 
devoted to a single industry in that power is a funda- 
mental factor in every industry and a showing of ma- 
chinery for economical generation and use gives oppor- 
tunity for every industrial executive to discover some means 
of cutting his cost of production. 

At the coming show a series of exhibits of heating 
and ventilating equipment will be an important feature 
in recognition of the increased importance that manufac- 
turers attach to the need of good heating and ventilation 
for the factory. Advances in the art of power production 
are Closely allied with those in heating, and improvements 
in method are usually applicable to both fields. Power 
plant executives will, therefore, find much of interest in 
the new section. 

The list of exhibitors to whom space has already been 
assigned indicates the thoroughness with which the field 
of power generation will be covered. From handling of 
coal to the use of power at the shaft or motor, from the 
coal shovel to the elaborate equipment for conveying and 
storage, from the belt fastener to the leviathan prime 
mover, every class of apparatus that concerns power pro- 
duction will be represented. 

Growth of the Power Show during the three years that 
it has been held is a good indication of the appreciation 
of American industry of its dependence upon cheap power 
for decreasing costs so that it may meet world competi- 
tion. At the first show, 48,000 were in attendance, while 
last year the number was 79,000. In 1922, there were 
100 exhibits on the floor, but at the third show, in 1924, 
360 exhibits nearly filled three floors. For the coming 
show, 400 exhibitors have already signed contracts, prov- 
ing that manufacturers of power equipment fully appre- 
ciate the value of the show as a clearing house for the 
latest news in modern developments. 

Annual meetings of the American Society of Mechan- 
ical Engineers and the American Society of Refrigerating 
Engineers will be held in New York during the week of 
the show and their programs will allow plenty of time for 
thorough inspection of the exhibits. 

Managers of the show are Fred W. Payne and Charles 
I’. Roth, with offices in the Grand Central Palace. 


Standby Steam Station at 
Winnipeg 


ECENTLY the new steam-driven electric generating 

station at Winnipeg, which serves as a standby plant 
to the City of, Winnipeg hydro-electric system, was officially 
inaugurated. This station has three boilers fired with pul- 
verized coal installed by the Combustion Engineering 
Corp., Limited, and two electrically heated boilers installed 
by the Canadian General Electric Co., Ltd. The turbine 
room contains two units of 5000 kw. each and one of 1000- 
kw. rating, all running at a speed of 3600 r.p.m. and manu- 
factured at the James Howden & Co.’s Works, Glasgow. 
These turbines are coupled to Parson alternators and are 
supplied with steam at a pressure of 220 lb. per sq. in. 
gage and at a superheat of 150 deg. F. The 5000-kw. tur- 
hines exhaust into condensers which maintain a vacuum of 
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28 in. Hg. The 1000-kw. unit exhausts into the hotwell at 
a pressure of 1 Ib. per sq. in. gage. 

Official steam consumption tests were run on May 12, 
1925, by the technical staff of the city hydro system under 
the supervision of Professor N. M. Hall of Manitoba Uni- 
versity, who acted as independent referee. A summary of 
the test results is as follows: 


gS eer ere eer e eee eT eeee eT erry 4905 
Pressure in header, lb. per in. gage.............- 227 
Temperature of steam, deg. F..........0-eeeeeee 548 
Vaeouum wooorded, in. Te... 2.1... ss cece eseaw es 27.27 
Barometer recorded, in. Hg..............22008% 29.47 
Voeounms oorrested to 00 tm. . i. .......0s.ccseees 27.80 
Exhaust pressure, lb. per sq. in. gage............ 1.08 
Duration of run-minutes and seconds............ 30/14” 
ee | eee eer errr eee rT re 2470 
Ce Ol OG ois a cs vee sce ceraseestvads 96.5 
Com@enente recorded, Th... ... 5. cciscccscescves 30,962 
NI NE i65.050 455. 8650 Ke 550 ssw Sa54s 30,837 
Water rate observed, lb. per kw-hr.............- 12.48 
Water rate corrected for pressure, temperature and 
I, BA OE RE os his es bs iaded ives 12.11 


The 5000-kw. turbines each have six stages with a mean 
blade speed of 760 ft. per sec. and the 1000-kw. turbine has 
four stages with a mean blade speed of 750 ft. per sec. A 
unique feature of these units is the totally enclosed govern- 
ing and oil system giving a clean, neat and well finished 
appearance to the turbine at the high pressure end. Each 
day all three turbines are run up to speed to ensure that 
everything is in order and once a week they are put on the 
line. The 1000-kw. unit can be put on load within 3 min. 
and the 5000-kw. units within 30 min. The boilers supply 
the central steam heating system of the city, and thus if 
a sudden call comes for the standby plant to come on to the 
line sufficient steam is always available. 


News Notes 


DIAMOND Power SPECIALTY Co. of Detroit announces 
that C. E. Aldrich will be located in Cincinnati as service 
engineer for that district. 


HAYNES STELLITE Co. has just completed concentration 
of its activities at its plant at Kokomo, Ind. Administra- 
tion, sales and engineering will be under the direction of 
C. G. Chisholm, General Manager. 


F. F. Goruam, for many years chief engineer of P. B. 
Yates Mfg. Co. at Beloit, Wis. (now Yates Beloit Corp.) 
has retired from active work and is succeeded as chief in 
the power plant by Herman W. Schultz. 


Ritey Stoker Corp. has recently appointed two new 
agents to handle its various types of stokers. The states 
of Oregon and Washington will be cared for by the Heat- 
ing & Ventilating Equipment Co., Seattle, Wash., and 
Southern Texas will be cared for by The Tennant Co., 
Houston, Texas. 


Rotter-SmirH Co. of New York has appointed the 
Tennessee Engineering & Sales Co., Knoxville, Tenn., as 
agents for the part of Tennessee and Kentucky within the 
Knoxville territory. Personnel of the Tennessee Co. is 
J. C. Buchanan who, since his graduation from the Bliss 
Electric School in 1924, has beén connected with the 
meter department of the Knoxville Light and Power Co.; 
W. L. Tadlock, with the General Electric Co. at Ball 
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Lake since graduating from Carnegie Institute of Tech- 
nology in 1924; S. E. Adcock, for several years with C. 
M. McClung & Co., and with Acme Electric Co. of Knox- 
ville. 


THE LinpE Arr Propucts Co., New York, announces 
that its district sales office at Seattle is now located at 421 
Railway Exchange Building, €19 Second Avenue, Seattle, 
Washington, with 0. H. Davenport as district sales man- 
ager. 


THE PirrsBuRGH VALVE FouNDRY AND CONSTRUCTION 
Co. announces the appointment of A. G. Hill, with offices 
at 45 Jarvis St., Toronto, Canada, as its agent for the 
Eastern Canadian district. 


Victor Mre. & Gasket Co. is completing a 6-story 
addition to its plant at 5750 West Roosevelt Road, Chi- 
cago, at a cost of $1,000,000 and will move its fiber treat- 
ing works from Rochester, N. Y., into the new building. 


REGIONAL MEETING of the A. 8S. M. E. will be held at 
Altoona, Pa., Oct. 5 to 7. The morning technical sessions 
will be devoted to railroad problems and afternoons and 
evenings to inspection trips and entertainment. On Mon- 
day evening, honorary membership will be conferred by 
President William F. Durand on General William W. At- 
terbury, vice-president of the Pennsylvania system. 


Betoir Box Boarp Co., Beloit, Wis., is now setting 
the foundation for a new 300-hp. Corliss engine, direct- 
connected to a generator, all to be furnished by Allis-Chal- 
mers Mfg. Co. This extension was designed by J. A. 
Fisher, president of the Beloit Box Board Co., and when 
installed will be in charge of Geo. Schumacher, chief 


engineer. 


Ar THE new Kearney station of the Public Service 
Co., of New Jersey, temperature measuring equipment is 
now being delivered for what is believed will be the larg- 
est installation of its kind in America. This apparatus, 
furnished by Charles Engelhard, Inc., of New York, con- 
sists of 60 of their type S recorders calibrated for electric 
resistance thermometers to give a continuous record of 
120 temperature points. These include feed water heaters, 
superheated steam, condensers, and other apparatus. The 
installation will involve 6 instrument panels, on which 
will be mounted 10 recorders. 


WitH Economy the national keynote at Washington it 
is natural that industries of the country should fall in 
line with the national trend. It has become a “brass 
tack” era, and will probably be so regarded by future his- 
torians. Bridgeport Brass Co., of Bridgeport, Conn., is 
doing its part to foster the “brass tack” idea by distribut- 
ing free for convention purposes a neat little pin to those 
associations whose members use products similar to the 
brass goods made in the Company’s factory. To others, 
because of the large demand for these little emblems, a 
nominal charge to cover costs has. been found necessary. 
Bridgeport Brass Co. assures us that requests from readers 
of Power Plant Engineering will receive special considera- 
tion in the distribution of these emblems. 


On HIs 70th birthday, John R. Freeman, widely known 
hydraulic engineer, was given the degree of Doctor-Engi- 
neer by the Technical High School of Dresden, Germany, 
in recognition of his noteworthy activity in stimulating 
research in problems of hydraulics. 
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ANNOUNCEMENT coMES from Stone and Webster, Inc., 
who are the executive managers of the Columbus Co., that 
a contract to purchase the Georgia-Alabama Co. and the 
South Georgia Public Service Co. by the Columbus Elec- 
tric and Power Co. of Georgia has just been signed. The 
new properties serve a number of communities in south- 
western Georgia having a population of approximately 
50,000, with electric light and power and also supply gas 
to one town and ice service to another. The total electric 
generating capacity is approximately 11,000 kw. 


AMERICAN ENGINEERING COUNCIL, which is now in 
the fifth year of its activity, is to take up jointly with 
the Department of Commerce an exhaustive economic 
study of air transportation, which is intended to point the 
way to successful development of this industry in the 
United States. A study is also being made, through a 
competent committee, of the Reclamation situation, which 
is known-to be precarious and ‘committees on City Plan- 
ning and Street and Highway Safety are working to en- 
courage local engineering groups to take active part in 
the development of their respective communities, and in 
safeguarding life and limb for their fellow men. 


SAMUEL INSULL has been elected president of the or- 
ganization for the National Museum of Engineering and 
Industry which it is proposed to establish in connection 
with the Smithsonian Institute. Mr. Insull is aggressively 
pushing the organization ; the campaign for members is in 
charge of a committee representing the national engineer- 
ing societies and it is desired that the membership be in- 
creased so that dues received will take care of expenses 
of the early work in connection with the museum. Sus- 
taining members pay $100, contributing members $75, 
affiliate members $25 and members $10 a year. H. F. J. 
Porter, 29 West 39th St., N. Y., is secretary of the mem- 
bership committee. 


PEJEPSCOT PAPER Co., which has extensive paper mills 
in Maine and owns valuable water power rights, has in- 
corporated a separate company to which has been trans- 
ferred all of its power rights. This company will be known 
as the Androscoggin Water Power Co., the stock of which 
will be held in the treasury of the parent company. Ac- 
cording to Julius H. Barnes, chairman of the board of 
directors of the Pejepscot Co., the importance of the water 
power rights during recent years has greatly increased and 
the question of supplying some of the New England in- 
dustries with power from these sources has become one of 
much importance on regulated streams such as the Andros- 
coggin, hence it is deemed advisable, before any develop- 
ment of water power for other than its own consumption 
shall take place, that a separate company be organized to 
handle such matters. 


FOLLOWING THE RECENT purchase of the plant and 
property of the Chesterland Light & Power Co., Chester- 
land, Ohio, the Cleveland Electric Illuminating Co., Cleve- 
land, Ohio, has negotiations under way for the purchase of 
the municipal electric light and power plant at Chardon, 
Geauga County, and the plant and system of the West 
Claridon Light & Power Co., operating in this same dis- 
trict. The purchasing company plans for extensions in 
transmission lines for light and power service in the dif- 
ferent communities, including local substations for this 
purpose. 
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At Lenicn University, Bethlehem, Pa., an interest- 
ing departure in engineering training is being undertaken, 
i.e. a course in Industrial Engineering. This will be an 
undertaking to give engineering students as thorough a 
grounding in the fundamentals of business—finance, ac- 
counting and forecasting of economic developments—as in 
mathematics and science. It is intended to train for execu- 
tive work in technical industries, rather than for strictly 
engineering design and construction. The course will lead 
to a degree of B. S. in Industrial Engineering. Further 
information can be had from C. M. McConn, Dean, Lehigh 
University, Bethlehem, Pa. 


Catalog Notes 


ASH HOISTs as made by Herbert Morris, Inc., Buffalo, 
N. Y., are described and illustrated in a catalog recently 
issued by that company. 

BuLueTiIn No. 625, recently issued by The Esterline- 
Angus Co., of Indianapolis, Ind., describes graphic pres- 
sure recorders and their uses. 


STANDARDIZED STEEL tower outdoor substations, in- 
tended for installation by utilities serving customers buy- 
ing power from high tension distribution lines, are de- 
scribed in Bulletin No. 12, recently issued by the Delta- 
Star Electric Co., Chicago, Ill. 


M. B. Skinner Co. in a recently issued rotogravure 
folder shows in an interesting way its line of appliances for 
keeping valves and bibb cocks in order and for stopping 
leaks in pipe lines. A copy may be had from the Skinner 
Co. by writing to 558 Washington Blvd., Chicago. 


BuuietIn No. 6, recently issued by the Atlas Valve 
Co., Newark, N. J., is devoted exclusively to the Victor 
temperature regulator and contains about all of the in- 
formation that one may desire relative to the installation, 
operation and application of the Victor line of hydrau- 
lically operated temperature regulating devices. 


“THE Jones Sipe Dump SroxKer” is the subject of 
publication No. 90, recently issued by the Riley Stoker 
Corp., of Worcester, Mass. The catalog contains 20 pages, 
which are well illustrated with halftones of photographs 
and wash drawings, as well as line illustrations, which give 
a clear conception of the construction and operation of 
the Jones stoker. 


“Wiat Borter anp Wuy” is the title of Bulletin No. 
11, recently issued by The Wickes Boiler Co., of Saginaw, 
Mich. This is printed in folder form and gives the 
various advantages of the horizontal cross drum boiler, 
which is manufactured by this company. It also contains 
photographs, line drawings and wash drawings, illustrating 
the features of this boiler. 


Barrett, HaENtsENS & Co., Hazleton, Pa., has is- 
sued a 24-page bulletin entitled “The Automatic Opera- 
tion of Centrifugal Pumps.” The publication describes 
methods used to make centrifugal pumps start, stop and 
run without constant attention and shows how various 
automatic control devices can be used to insure protection 
against damage to the pump due to loss of water, suc- 
tion air leaks and other operating difficulties. 


Power PLant EqQuipMENT, manufactured by the 
Swartwout Co., Cleveland, Ohio, is described in a new 64- 
page catalog, which contains accurate data and dimensions, 
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covering particularly feed-water heaters and wrought steel 
separators. 


“SEAMLESS Metat Hoss,” manufactured by Chas. 
Cory & Son, Inc., New York City, is the title of Bulletin 
201-29-A, which has recently been issued. The bulletin 
illustrates and describes the various types of metal hose 
manufactured by this company and gives a table of dimen- 
sions, weights, pressures and bending radii. 


Tue L. J. Wine Mre. Co. has just issued a new 32- 
page bulletin, No. 77, on its turbine blowers. This 
bulletin is considerably larger than the previous one, con- 
taining much new and interesting information, includ- 
ing data relative to the application of these blowers to 
stokers and graphical representation of their use for hand- 
fired boilers. 


Detroit UNDERFEED SToKeERs of the single retort type 
are described in a new 32-page bulletin just published by 
the Detroit Stoker Co., Detroit, Mich. Among other 
items of outstanding interest to combustion engineers, the 
bulletin contains a number of fuel bed cross sections show- 
ing conditions of the fire with respect to air distribution 
and movement toward the dumps. 


COMBUSTION ENGINEERING CorporaTION of New York 
has just issued a catalog on its air heater. The primary 
use for this product is the pre-heating of air to be used 
in boiler furnaces, by means of the heat that is ordinarily 
wasted in flue gases. This catalog is available to those who 
request it. 

The pre-heating of air for combustion has been adopted 
in this country only within the last 3 or 4 yr., but the 
large economies to be derived from this practice are now 
so generally recognized that most of the new power sta- 
tions and many existing plants are installing air heaters. 


THREE NEW bulletins have just been issued by the 
Pennsylvania Pump and Compressor Co., of Easton, Pa. 
Bulletin No. 122 deals with aftercoolers; No. 123 de- 
scribes and illustrates straight line, single stage, double 
acting types of air compressors and vacuum pumps; No. 
124 gives consideration to the Pennsy-portable air com- 
pressor. In addition to detailed descriptions of the 
equipment, these bulletins contain tables giving dimen- 
sions and capacities of compressors and other data of in- 
terest to engineers dealing with conipressed air. 


IN THE THIRD EDITION of “Standards of The Hy- 
draulic Society” which has just been issued, is found not 
only the information embraced in the earlier editions, but 
also much new and valuable data, such as a standard 
classification of pumps; standard nomenclature and defi- 
nitions pertaining to the industry; standard dimensions 
for cast-iron flanges and cast-iron flanged reducers for 
125 lb. and 250 lb. steam pressures as adopted by the 
A.S.M.E.; and a complete list of chemicals and other 
special liquids, specifying the materials recommended in 
the construction of pumps for handling these special 
liquids. Copies of the booklet may be obtained from any 
pump manufacturer who is a member of The Hydraulic 
Society, or upon application to C. H. Rohrbach, secretary, 
90 West St., New York. 


Tue Frrxiste Steet Lacine Co., of Chicago, is dis- 
tributing a folder announcing a new size of belt fastener 
intended for use on belts from %4 to 7/16 in. thick on 
both conveyor and heavy duty power transmission service. 
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Where Buyers and Sellers Meet 
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Geared to Power Plant Progress 


A feast of facts and a flow of information which will 
be published in the last three regular issues of 1925 and 
the first three issues of 1926, are being prepared for the 
readers of Power Plant Engineering. 


Two great power shows, engineering progress in 1925 
to be reviewed, and advances in boiler plant operation re- 
quire the enlarged editorial service to be given in these 
Six Feature Numbers. 


Every engineer should get all he can out of the Fourth 
Annual Exhibition of Power and Mechanical Engineer- 
ing to be held at Grand Central Palace, New York, Nov. 
30 to Dec. 5 next. 


Attend this show if it is possible for you to do so. See 
the particular exhibits that are most helpful to your plant 
and work. Select the talks and motion pictures most 
valuable to you. 


This year’s New York Power Show has every indica- 
tion of being greater than ever. With the many attrac- 
tions and the large attendance which may be expected, 
it is necessary to be informed beforehand to take full ad- 
vantage of the limited time at the show. 


November 15 Power Plant Engineering will be the 
Announcement Number of the New York Power Show. 
In it you will find a list of the exhibitors with location and 
chief features of their exhibits and plans of floors of the 
exhibit hall. 

Use it as the catalogue of the great educational pro- 
gram offered at the show. From it plan what to see and 
hear. 

Those unable to attend will find that its editorial and 
advertising pages will enable them to keep informed on 
the outstanding developments in the machinery, equip- 
ment and supplies to be exhibited at the show and the 
topics to be discussed at the meetings. 


On Dec. 1 you will receive the New York Power Show 
Number which will give a list of representatives of ex- 
hibitors and detailed program of talks and motion pictures. 


This number will be distributed from Power Plant 
Engineering’s booth at the show, to which you are invited. 


A valuable guide while attending the show, and an 
issue to preserve with the preceding one to visualize 
permanently this great exhibition. 


What now seems to be the year of surpassing progress 
in the power plant field will be — in the Dee. 
15 Annual Review Number. 


Articles on pulverized fuel practice, feed water deaera- 
tion and evaporation, interconnection of systems, mercury 
turbine, rural supply and high head water turbines are 
among those you will find in this number. 


- 


The advertising pages will give information on the 
machinery, equipment and supplies available to bring 
plants up to higher standards of economy and progress. 


The boiler plant has been called the heart of power 
generation, and certainly there is where the greatest op- 
portunities for achievement seem to center. 


The Jan. 1, 1925, Boiler Plant Operation Number 
will cover operating methods in the boiler room; firing; 
combustion control; feed water treating and control; 
boiler and furnace upkeep; economizer operation; pump 
operation, and ash removal. 


This January 1st issue will be the 18th of Power Plant 
Engineering’s Annual Reference and Textbook Numbers, 
and no effort is being spared to make its editorial pages 
of utmost helpfulness. 


As in former specialized issues, the reader will find the 
advertisements of the leading manufacturers in the field 
which, as in past years, will comprise a valuable reference 
guide to the purchase of everything used in modern 
plants. 


January 26 to 30, 1926, is the date of the Chicago 
Power Show. Exhibits, regional meetings and direct con- 
tact with leaders in the field will make attendance at this 
show a pleasure and duty to progressive power plant men. 


There will be so much to see and hear at the New 
York and Chicago shows that many will attend both, 
while to men from the West, South and Middle West, the 
Chicago Show will be a real boon. 


- Advance information will be given in the Jan. 15 
Announcement Number on the Chicago Power Show. In 
it you will find layout of the exhibition hall, list of manu- 
facturers with location and nature of their exhibits, from 
which you can plan your visit at the show to best ad- 
vantage. 


Make your headquarters at Power Plant Engineering’s 
exhibit booth at the Chicago Power Show. Here you 
will find the Feb. 1 Chicago Power Show Number with 
list of representatives, arrangements for exhibitors and 
visitors, location of exhibits, program of lectures and 
regional meetings of A.S.M.E. and other engineering 
societies. 


The Feb. 1 issue will bring the show to all subscribers 
as nearly as possible and will be valuable for reference. 


Facing the splendid opportunities that every branch 
of power plant engineering holds forth at this time, these 
Six Feature Numbers should be followed with great in- 
terest and filed for ready reference. 
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turers of that product. 


Machinery, Equipment and Supplies Used In 
The Production and Transmission of Power 


Under the heading of each product listed will be found the names of the manufac- 
The index to advertisers, next to the back cover, gives 


the page numbers on which the manufacturers’ descriptive advertisements appear. 











AIR COMPRESSORS 
Allen & Billmyre, Inc., New 


York. 

Allis-Chalmers Mfg. Co., Mil- 
waukee, Wis. 

American Steam Pump Co., Bat- 
tle Creek, Mich 

American Well Works, The, 
Aurora, Ill. 

Dean Bros. Co., Indianapolis. 

De Laval 4g Turbine Co., 
Trenton, N. J. 

Ingersoll-Rand Co., New York. 

Murray Iron Works Co., Bur- 
lington, Iowa, 

Worthington Pump & ail 
Corp., New York, 

Yeomans Bros. Co., Caleies, Tl. 

AIR FILTERS. 

Allen & Billmyre, Inc., New 

Yo 


rk. 
Cooling Tower Co., Inc., The, 
New York. 


Spray Enginecring Co., Boston. 
AIR WASHER 
Badger & Sons Co., E. B., Bos- 
ton, Mass. 
Cooling Tower Co., Inc., The, 
New York. 
Spray Engineering Co., Boston. 


ALARMS, HIGH AND LOW 
WATE 


Hills-McCanna Co., Chicago, Ill. 

Huyette Co., Inc., The Paul B., 
Philadelphia. 

Northern Equipment Co., Erie. 

Reliance Gauge Column Co., 
Cleveland, Ohio. 

Wright-Austin Co., Detroit. 


ARCHES, BOILER AND COM- 
BUSTION. 


Betson Plastic Fire aie Co., 
Inc., Rome, N, 

Brady Conveyors BA Chicago. 

Detrick Co., M. H., Chicago. 

Harbison - Walker’ Refractories 


Hofft Co., The M, A., Indian- 
apolis, Ind. 

Lavino & Co., E. J., Philadelphia, 

Liptak Fire Brick Arch Co., 
Mexico, Mo. 

McLeod & Henry Co., Troy, N.Y. 

Obermayer Co., The S., Chicago. 

Plibrico Jointless Firebrick Co., 
Chicago. 

Queen’s Run Refractories Co., 
Inc., Lock Haven, Pa. 

Quigley Furnace Specialties Co., 
Inc., New York. 

ASIT AND COAL BINS, 

Frederick Iron & Steel Co., 

Frederick. Md. 


ASH BIN GATES AND ogee. 
Allen-Sherman- ag Co., The, 
Philadelphia, P 
Beaumont Mfg. Co. Philadel- 
phia, Pa. 
Brady Conveyors Corp., Chicago. 
Conveyors Corp. of Amer., Chi- 


cago. 
Hagan Co., George J., Pitts- 


urgh. 
United Conveyor Corp., Chicago. 
4SH HANDLING SYSTEMS 
Allen-Sherman-Hoff Co., The, 
Philadelphia, Pa, 
Beaumont Mfg. Co., Philadel- 
phia, P. 


a. 
Brady Conveyors Corp., Chicago. 
Conveyors Corp. of America, 
Chicago, Ill. 

Detrick Co., M. H., Chicago. 

Frederick Ifon & Steel Co., 
Frederick, Md. 

Hagan Co., George J., Pitts- 
burgh. 

Link-Belt Company, Chicago. 

Stearns Conveyor Co., The, 
Cleveland, Ohio. 

Stephens- Adamson Mfg. Co., 
Aurora, Ill. 

United Conveyor Corp., Chicago. 

Webster Mfg. Co., The, Chicago. 

Weller Mfg. Co., Chicago, III. 

ASH TANKS, 

Conveyors Corp. of America, 
Chicago. 
wns i George J., Pitts- 


urgh 
United C onveyor Corp., Chicago. 
BAROMET 
Taylor ~ Co's., Ro- 


BEARING METAL. 
Strong, Carlisle & Hammond 
Co., Cleveland, Ohio. 


BEARINGS, 
National Tube Co., Pittsburgh. 
BELT CONVEYORS. 
Stearns Conveyor Co., The, 
Cleveland, Ohio. 
Stephens-Adamson Mfg. Co., 
Aurora, IIl. 
Webster Mfg. Co., The, Chicago. 
Weller Mfg. Co., Chicago, Ill. 
BELT DRESSING. 
Cling-Surface Co., Buffalo, N. Y. 
Dixon Crucible Co., Jos., Jersey 


City, N. J. 
Standard Oil Co. (Indiana), 
Chicago, Ill. 
Stephenson Mfg. Co., Albany. 
BELT ae. 
Bristol Co., The, Waterbury. 
Plesible Steel Lacing Co., Chi- 
cago. 
BELTING. 
New York Belting & P’k’g Co., 
New York. 
Quaker City Rubber Co., Phila. 
United States Rubber Co., New 
York, N. Y. 
vee Rubber Mfg. Co., Jer- 
y City, N. J. 
eateee, SILENT CHAIN. 
Link-Belt Co., Chicago, IIl. 
Morse Chain Co., Ithaca, N, Y. 





HAMM 


Paige & Jones Chemical Co., 
Inc., New York. 

BOILER COMPOUND FEEDERS. 

Hills, McCanna Co., Chicago, Ill. 


BOILER FEED WATER PURI- 
FYING APPARATUS. 
Griscom-Russell Co., New York. 
Paige & ig _—— Co., 

Inc., New 
Permutit Co., Raw “York, N. Y. 
‘Power Plant Specialty Co., Chi- 
cago, Ill. 
BOILER FRONTS. 
McLeca & Henry Co., Troy, 


BOILER MOUNTINGS. 
Lunkenheimer Co., Cincinnati. 


BOILER SETTING CEMENT. 


Betson Plastic Fire Brick Co., 
Rome, N, Y. 
—— Refractories Co., Phila- 


elphia, Pa. 

General Refractories Co., Phila- 
delphia, Pa. 

Harbison - Walker Refractories 
Co., Pittsburgh, Pa. 

Huyette Co., Inc., The Paul B., 
Philadelphia. 

Lone, & Co., E. J., Philadel- 


p 
Obermayer Co., The S., Chicago. 














To Find the Manufacturers” Advertisements 
=|| of Products Listed Here, See Index Page 154 
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BLOWERS, FAN & FURNACE. 
Carling Turbine * panaieal Co., 
Worcester, Mai 
Coppus Sastasering Corp., Wor- 
ecester, Mass. 
De Laval Steam Turbine Co., 
Trenton, N, 
Ingersoll-Rand Co. ., New York. 
Terry Steam Turbine Co., Hart- 
ford, Conn. 
Wing Mfg. Co., L. J., New York. 
BLOWERS, FORCED DRAFT. 
Sturtevant Co, B. F., Hyde 
Park, Mass, 


sowane. PORTABLE, 
Alle & Billmyre, Inc., New 


Yor 
gturtevent Co, B. F., Hyde 
Park, Mass. 
BLOWERS, STEAM. 
Schutte & Koerting Co., Phila. 
BLOWERS, TUBE, 
Bayer Co., The, St. Louis, Mo. 
Marion Mach., Fdry. & Supply 
Co., Marion, Ind. 
Pilley Pkg. & Flue Brush Mfg. 
Co., St. Louis, Mo. 
Sherwood Mfg. Co., Buffalo, N.Y. 
Vulean Soot Cleaner Co., Du 


Bois, Pa. 
Webster, Howard J., Philadel- 
phia, Pa. 
BLOWERS, TURBINE. 
Allen & Billmyre, Inc., New 


York. 

Carling Turbine Blower Co., 
Worcester, Mass. 

Moore Steam Turbine Corp., 
Wellsville, N. Y. 

Wing Mfg. Co., L. J., New York. 


BOILER BAFFLES. 
Betson on Fire Brick Co., 


Rom 
ee. RE, ‘Ine. .» New York, 
McLeod & Henry Co., Troy, N.Y.: 
Quigley Furnace Specialties Co., 
Inc., New York. 


BOILER CAP CLEANERS. 
Lagonda Mfg. Co., Springfield, 
Ohio. 
BOILER COMPOUND. 
Botfield es Co., Phila- 
delphia, 
Dearborn Chemical Co., Chicago. 
Hawk-Eye Compound ‘Co., Blue 
Island, Ill. 
McLeod & Henry Co., Troy, N.Y. 


Plibrico Jointless Firebrick Co., 
Chicago. 

Queen’s Run ey gd Co., 
Ine., Lock Hav 

Quigley Furnace Specialties Co., 
Inc., New York. 


BOILER SETTINGS. 


Betson Plastic Fire Brick Co., 
Inc., Rome, N. Y. 

Botfield Refractories Co., Phila- 
delphia, 

General’ Refractories Co., Phila- 
delphia, P. 

Harbison - Walker Refractories 
Co., Pittsburgh, Pa. 

Lavino & Co., E. J., Philadel- 


phia. 
oe % & Henry Co., Troy, 


¥, 
Obermayer Co., The S., Chicago. 
Plibrico Jointless Firebrick Co., 
Chicago. 
Queen’s Run Refractories Co., 
Inc., Lock Haven, Pa 
Gulghey sys Specialties Co., 
New 
Webster, Howard a: Philadel- 
phia, Pa. 


BOILER SKIMMERS. 


Sims Co., The, Erie, Pa. 
BOILER TUBE CLEANERS. 
Condenser Cleaner Mfg. Co., 
Pittsburgh, 
—— Mfg. Co., Springfield, 


Liberty Mfg. 7. Pittsburgh. 

Pierce Co., The Wm. B., Buf- 
falo, N Y. 

Roto Co., The, Hartford, Conn. 


BOILER TUBE 


S. 

Babcock & Wilcox Tube Co., 
The, Beaver Falls, Pa. 
Murray Iron — Co., Bur- 

lington, Iow 
National Tube Co., Pittsburgh. 
Scully Steel & Iron Co., Chicago. 


BOILER WALL COATINGS. 


Botfield Refractories Co., Phila- 


delphia, Pa. 
Johns-Manville, Inc., New York. 
BOIL 
Babcock & Wilcox Co., N. Y. 
Badenhausen Corporation, Phila- 
delphia, Pa. 
Bethlehem” Shipbuilding Corp., 
Bethlehem, Pa. 


Casey-Hedges "Co. 4 The, Chat- 
tanooga, Tenn, 








Edge Moor ne. Co., Edge Moor. 

Erie City Iron Works, Erie, Pa. 

Kingsford Fdry. & Mach. Wks., 
Oswego, N. Y. 

Murray Iron Works Co., Bur- 
lington, Iowa, 

Union Iron Wks., Erie, Pa. 

Vilter Mfg. Co., “were “Wis. 

Webster, ‘Howard J., Philadel- 
phia, Pa. 

Wickes Boiler Co. Saginaw, 

BOOKS AND SCHOOLS. 

Sweet’s Catalogue Service, Inc., 

New York, N. Y. 


BREECHINGS. 
Littleford Bros., Cincinnati, O. 
meme DYNAMO AND 


— Sg ag Co., Jos., Jersey 


BRUSHES, GRA PHITE. 
er wee Co., Jos., Jersey 
BRUSHES, WIRE. 
Pilley Pkg. & Flue Brush Mfg. 
Co., St. Louis, Mo, 
BUCKET ELEVATO 
Link-Belt Company, Chicago. 
Webster Mfg. Co., The, Chicago. 
CAR DUMPERS. 
Wellman -Seaver- Morgan Co., 
The, Cleveland, O. 
CARRIERS, PIVOTED BUCKET. 
Webster Mfg. Co., The, Chicago. 
CASTINGS. 
Fuller-Lehigh Co., Fullerton, Pa. 
Hills-McCanna Co., Chicago, Ill. 
Neemes Fdry. Inc., Troy, N, Y. 
CEMENT, ASBESTOS. 
New York Belting & P’k’g. Co., 
New York. 
CEMENT, FURNACE 
Betson hs gs Fire Brick Co., 


Rome, N. Y. 

Botfield Refractories Co., Phila- 
delphia, Pa. 

General Refractories Co., Phila- 
delphia, Pa. 

Harbison - Walker Refractories 
Co., Pittsburgh. 

McLeod & Henry Co., Troy, 


> es 
ie Jointless Firebrick Co., 


cago. 

Queen’s Run Refractories Co., 
Inc., Lock Haven, Pa. 

Quigley Furnace Specialties Co., 
Inc., New York. 


CEMENT, HIGH TEMPERA- 
TURE, 


re a Co., Phila- 

e 

General Refractories Co., Phila- 
delphia, 

Harbison - Walker Refractories 
Co., Pittsburgh, Pa. 

Lavino & Co., E. J., Philadel- 


phia. 
McLeod & Henry Co., Troy, 
N. Y. 


Obermayer Co., The S., Chicago. 
ate « Jointiess Firebrick Co., 


Quigley Parente Specialties Co., 
Inc., New York. 
CEMENT, IRON. 
Smooth-On Mfg. Co., Jersey 
City, N. J 


* CHAIN WHEEL Ss. 


a Steam Specialty Co., 
net Bodtord, Mass. 
ee aa 
k-Belt oo Chicago. 
pane Chain Co., Ithaca, N. Y. 
CHIMNEYS. 
American Chimney Corp., New 
ork, 
CLEANERS, BOILER TURE, 
General eg ld Co., The, 


uffalo, N. Y. 

Lagonda Mfg. Co., Springfield, 
Ohio. 

moe 4 Mfg. Co., Pittsburgh, 


a. 
Pierce Co., The Wm. B., Buffalo. 
Roto Co., The Hartford, Conn. 

Sherwood Mfg. Co, Buffalo, 


CLEANING COMPOUND. 
Dearborn Chemical Co., Chi- 
cago, Ill 
COAL AND ASH-HANDLING 
MACHINERY. 
Allen-Sherman-Hoff Co., The, 
Philadelphia, Pa. 
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